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S U M M A R Y
T h is  th e s is  is  co n ce rn e d  w ith  th e  p ro b le m  o f new te ch n o lo g y  in  
m a n u fa c tu r in g  in d u s try . In c re a s in g  a tte n tio n  is  b e in g  focused  
on the  p o s s ib le  consequences o f new te c h n o lo g y  as i t  beg ins  to  
p e n e tra te  th e  v a r io u s  fa c to rs  o r  e le m e n ts  w ith in  f i r m s .  C la im s  
o f m a s s iv e  u n em p lo ym e n t and g ro w in g  d is s a t is fa c t io n  w ith  peop le  
d e -s k il le d  b y  a u to m a tio n  have been m ade b y  v a r io u s  a u th o r it ie s  
and o rg a n is a tio n s , y e t l i t t l e  re c o rd e d  re s e a rc h  has been m ade 
on th is  s u b je c t to  p ro v id e  ev idence  o f the  r e a l  e ffe c t and 
p ro b le m  o f new te ch n o lo g y .
T w o  typ e s  o f new te ch n o lo g y  a re  s tu d ie d  in  th is  re s e a rc h  p ro je c t .  
T h e  f i r s t  te ch n o lo g y  is  th a t o f the  n u m e r ic a l c o n tro l m a ch in e  
to o l w h ic h  h a v in g  been in tro d u c e d  in  th e  1950s was s lo w  to  
d eve lop  in  th e  1960s and has now becom e o f m a jo r  p ro m in e n c e  in  
m a n u fa c tu r in g  in d u s try .  T h e  re s e a rc h  in v e s tig a te s  th e  p ro b le m s  
a s so c ia te d  w ith  th is  te ch n o lo g y  and th e  e ffe c ts  i t  has had on 
in d u s try .  T h e  second te ch n o lo g y  is  th a t o f th e  c o -o rd in a te  
m e a s u r in g  m a ch in e , an e n t i r e ly  new te ch n o lo g y  deve loped  out o f 
th e  w ake o f n u m e r ic a l c o n tro l m a ch irie  to o ls  and p a r t  o f an 
advance in  m e a s u r in g  te ch n o lo g y  n e ve r b e fo re  seen in  th e  f ie ld  
o f m e tro lo g y  o r  m a n u fa c tu r in g .
A  m o d e l o f th e  e n te rp r is e  is  p ro po se d  w h ic h  show s a l in k in g  
re la t io n s h ip  be tw een  6 ke y  fa c to rs  n a m e ly , o rg a n is a tio n  
(s tru c tu re s ) ,  m anagem ent (d e c is io n -m a k in g ), s tra te g ie s  
(o b je c tiv e s  and p la n s ), m a ch in e  shop e n v iro n m e n t (the  te ch n o lo g y ), 
c o n tro l s y s te m s  ( re tu rn  on in v e s tm e n t) and peop le  (b e h a v io u r). 
E ach  o f the se  fa c to rs  a re  exam in ed  a g a in s t e s ta b lis h e d  th e o re t i­
c a l bases , p r io r  re s e a rc h  and the f in d in g s  f r o m  th is  p ro je c t.
F ro m  a b r ie f  d e s c r ip t io n  o f the  de ve lopm en t o f m e a s u r in g
m a ch in e s  and the  in v e n tio n  o f th e  c o -o rd in a te  m e a s u r in g  m a ch in e ,
the  in v e s t ig a t io n  c o n s is ts  o f a lo g ic a l a n a ly s is  in  5 steps of 
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m a n u fa c tu r in g  p la n ts  e x p e r ie n c in g  change due to  the  in tro d u c t io n  
o f new te ch n o lo g y . T h e  f i r s t  2 steps e xa m ine  the  s in g le  m a n u ­
fa c tu r in g  p la n t fo r  the  e ffe c ts  o f n u m e r ic a l c o n tro l m a ch in e  to o ls  
and the  e ffe c ts  o f c o -o rd in a te  m e a s u r in g  m a ch in e s . T h e  th i r d  
s tep  is  the  in v e s t ig a t io n  o f a m u lt in a t io n a l o rg a n is a tio n  fo r  the  
e ffe c t o f c o -o rd in a te  m e a s u r in g  m a ch in e s  in  23 p la n ts . T h e  
f in a l  2 s teps in  the  in v e s t ig a t io n  a n a lyse  a la rg e  n u m b e r o f m a n u ­
fa c tu r in g  f i r m s  u s in g  and no t u s in g  c o -o rd in a te  m e a s u r in g  
m a ch in e s  to  d e te rm in e  any d if fe re n c e s  in  o rg a n is a tio n  s tru c tu re s ,  
s tra te g ie s  and pe op le , the n  c o n ce n tra te s  th e  s tu d y  on f i r m s  u s in g  
c o -o rd in a te  m e a s u r in g  m ach in e s  to  a s c e r ta in  th e  o v e ra l l  e ffe c ts  
on th is  la r g e r  p o p u la tio n  o f m a n u fa c tu r in g  f i r m s .
T h e  o b je c tiv e s  o f the  th e s is  a re  tw o - fo ld : th e  in v e s t ig a t io n  o f a 
v e ry  m a jo r  and c r i t i c a l  d e ve lopm en t in  in d u s try ,  and the 
re s e a rc h  f o r  c o n s tru c t iv e  co n c lu s io n s  w h ic h  w o u ld  c re a te  
p o s it iv e  c o n tr ib u t io n  to  m a n u fa c tu r in g  in d u s try .  T h e  ou tcom e 
w i l l  show  th a t m a n u fa c tu r in g  in d u s try  has to  m ake  ra d ic a l 
changes i f  i t  is  to  m a x im is e  on th e  advantages o f new 
te c h n o lo g ie s .
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C H A P T E R  1 - IN T R O D U C T IO N
1 . 1 -  T H E  N E E D  A N D  IM P O R T A N C E  OP T H IS  R E S E A R C H  P R O JE C T .
T h e  te ch n iq u e  b y  w h ic h  te c h n ic a l advances, ideas  o r  in v e n tio n s  a re  con ­
v e r te d  in to  p ro d u c ts , p ro c e s s e s  o r  s e rv ic e s  has becom e o f in c re a s in g  
co n c e rn  in  re c e n t y e a rs , and w ith  re s p e c t to  th e  f a r  re a c h in g  con ­
sequences o f te c h n o lo g ic a l changes, m o s t b u s in e ss  le a d e rs  w ou ld  
p re fe r  to  have a s te a d y  ra te ^o f p ro g re s s  in  te ch n o lo g y , a s m o o th e r 
e v o lu tio n  w h ic h  can c o m fo r ta b ly  be abso rbed  b y  th e  com pany o r  in d u s ­
t r y .  Y e t p ro g re s s  has been a n y th in g  bu t sm o o th . In  fa c t, te ch n o ­
lo g ic a l l i f e  has been c h a ra c te r is e d  m o re  b y  re v o lu t io n s  th a n  by 
e v o lu tio n .
In  p a r t ic u la r  th e re  has been a g re a t in te re s t in  th e  consequences o f new 
te ch n o lo g y  on th e  w o rk in g  l iv e s  o f peop le  in  in d u s try  o v e r  th e  la s t  f iv e  
y e a rs . I t  has been re m a rk a b le  how  a c o n tra s t has been  s tru c k  be tw een  
th e  vehem ence  o f th o se  who c la im , fo r  exa m p le , th a t new te ch n o lo g ie s  
and m ic ro -e le c t r o n ic s  in  p a r t ic u la r ,  w i l l  have a c a ta s tro p h ic  e ffe c t on 
e m p lo ym e n t and th e  in adeq uacy  o f the  a n a ly s is  u n d e r ly in g  the  c e r ta in ty  
o f th a t p re d ic t io n . Indeed th e  l im i te d  p r io r  re s e a rc h  in  th is  w ho le  
su b je c t is  even m o re  re m a rk a b le  d e sp ite  th e  h ig h  le v e l o f a tte n tio n  
b e in g  g ive n  to  i t  b y  th e  fo llo w in g  a u th o r it ie s  : -
o G o ve rn m e n t.
G o ve rn m e n t has e s ta b lis h e d  s e v e ra l b od ies  such  as the  N a tio n a l 
E n te rp r is e  B o a rd , C e n tra l P o l ic y  R ev iew  S ta ff, A d v is o ry  C o u n c il 
on A p p lie d  R e s e a rc h  and D e ve lo pm e n t and o th e r  g ro u p s , w hose 
ke y  o b je c tiv e s  in c lu d e  th e  d e ve lopm en t, h a rn e s s in g  and use of 
new te c h n o lo g ie s  in  m a n u fa c tu r in g  in d u s tr ie s .
o T ra d e  U n io n s .
T ra d e  U n ions have e s ta b lis h e d  s p e c ia l w o rk in g  p a r t ie s  to  s tu d y  
the  consequences o f new te ch n o lo g ie s  on e m p lo ym e n t in  in d u s try . 
T h is  s u b je c t o f new te ch n o lo g y  was the  to p ic  o f a m a jo r  debate at 
th e  open ing  day o f the  1979 A n n u a l C o n g re ss  o f the  T ra d e  U n io n
C o n g re ss ,
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o U n iv e rs it ie s .
T h e  D e p a rtm e n t o f H um an S cience and A dvanced  T e c h n o lo g y  
(H U SAT) re s e a rc h  g roup  a t th e  Lo ug h b o ro u g h  U n iv e r s ity  o f 
T e c h n o lo g y  had se t up a re s e a rc h  p ro g ra m m e  in  S ep te m b er 1979 
to  be co n ce rn e d  w ith  hum an fa c to r  p ro b le m s , p a r t ic u la r ly  in  
m e thods o f a p p ly in g  advanced te c h n o lo g ie s .
T h e  S c ience  P o l ic y  R e s e a rc h  U n it at the  U n iv e r s ity  o f Sussex a re  
co n d u c tin g  s tu d ie s  on the  im p a c t o f m ic ro p ro c e s s o rs  on e m p lo y ­
m e n t and th e  C ra n f ie ld  In s t itu te  o f T e c h n o lo g y  a re  a d vo ca tin g  
m o re  s p e c if ic  ro le s  f o r  u n iv e rs it ie s  and p o ly te c h n ic s  bn  the  
w ho le  q u e s tio n  o f in tro d u c in g  new te c h n o lo g ie s ,
o M anagem ent C o n su lta n ts ,
P , A . M anagem ent C o n su lta n ts  have been engaged b y  th e  D e p a r t­
m en t o f In d u s try  to  conduct the  m ic ro -e le c t r o n ic s  aw areness  
ca m p a ig n  am ong  m e c h a n ic a l e n g in e e rin g  co m p an ie s  in  B r i ta in .
o E m p lo y e rs .
E m p lo y e rs  a re  t r y in g  to  s t im u la te  g ro w th  in  new te ch n o lo g y  
a p p lic a t io n s  b y  d is c u s s io n s  th ro u g h  th e ir  a s s o c ia tio n s  and the 
C o n fe d e ra tio n  o f B r i t is h  In d u s try .
o P ro fe s s io n a l In s t i tu t io n s .
In s t itu t io n s  such as the  P ro d u c t io n  E n g in e e rs , B r i t i s h  In s t i tu te  o f 
M anagem ent and o th e rs  have m ade new te c h n o lo g y  in  m a n u fa c tu r in g  
in d u s try  a m a jo r  them e  in  th e ir  1978 and 1979 m a n ife s to s .
A  fu l le r  d e s c r ip t io n  o f the  co n ce rn s  o f a l l  o f the  above bod ies  as 
d ir e c t ly  re la te d  to  new te c h n o lo g ie s  is  g ive n  in  A p p e n d ix  A .
T h e  Im p o rta n c e  o f th is  R e se a rch .
T h e  im p o rta n c e  o f th is  re s e a rc h  is  not o n ly  c r i t i c a l  b u t i t  is  a ls o  v e ry  
t im e ly  a t th is  p o in t in  the  deve lo pm en t o f m a n u fa c tu r in g  in d u s try .  T h e
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im p o r ta n c e  o f re s e a rc h  in to  th e  consequences o f new te ch n o lo g ie s  is
p a ra m o u n t to  th e  needs o f th e  fo l lo w in g :-
o M a n u fa c tu r in g  In d u s try .
T he  fu tu re  needs o f m a n u fa c tu r in g  in d u s try  have to  be id e n t if ie d  
in  te rm s  o f p o te n tia l s h if ts  in  e m p lo ym e n t, p ro d u c t iv ity ,  in v e s t­
m en t and g ro w th , to  m e n tio n  bu t a fe w  e le m e n ts  w h ic h  w i l l  be 
a ffe c te d  b y  new te c h n o lo g ie s .
o G o ve rn m e n t,
G o ve rn m e n t a u th o r it ie s  re q u ire  m o re  c o n s tru c t iv e  ev idence  
th a t w o u ld  a s s is t  th e m  in  the  d ile m m a  w h ic h  shows m a s s iv e  un­
e m p lo y m e n t due to  new te ch n o lo g ie s  on one hand, and a r e la t iv e ly  
unknow n s itu a t io n  o f the  job  c re a tio n  p o te n t ia l o f new  te ch n o lo g ie s  
on the  o th e r  hand.
o T ra d e  U n io n s .
T ra d e  U n ion s  a t p la n t le v e l have to  be co n v in ce d  o f th e  need fo r  
new te c h n o lo g ie s  a lth oug h  i t  m a y  re s u lt  in  th e  d is p la c e m e n t of 
som e o f th e i r  m e m b e rs  on the  s h o r t te rm .  N a tio n a l T ra d e  
U n io n  O f f ic ia ls  s u p p o rt new te ch n o lo g y  as th e y  re c o g n is e  the  
a lte rn a t iv e s  o f no t re m a in in g  c o m p e tit iv e  f r o m  an in te rn a t io n a l 
a spec t. F u r th e r  ev idence  is  n e c e s s a ry  b y  re s e a rc h  o f th is  k in d  
to  p ro v id e  m o re  know ledge  of th e  p o te n t ia l lo n g e r  te r m  con ­
sequences o f new  te c h n o lo g ie s .
o U n iv e rs it ie s ,
W h ile  th e re  has been som e p r io r  re s e a rc h  in  the  l i t e r a tu r e  on 
the  su b je c t o f te ch n o lo g y  as i t  re la te s  to  o rg a n is a tio n s , econom ­
ie s , peop le  and o th e r fa c to rs ,  th e re  has been l im i te d  p r io r  r e ­
s e a rc h  on the  w ho le  q u e s tio n  o f im p a c t o f new te ch n o lo g ie s  in  
m a n u fa c tu r in g  in d u s try . T h is  th e s is  w i l l  s e rv e  to  add to  th is  
know ledge  a lre a d y  ga ined  b y  these  a fo re m e n tio n e d  l im ite d  p r io r  
re s e a rc h e s , th e re fo re  the  re s u lts  o r  ou tcom e  w i l l  be im p o r ta n t
!...
to  u n iv e rs ity  and o th e r  a ca d e m ic  a u th o r it ie s .
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T e c h n o lo g ic a l Change, E m p lo y m e n t and the  E co n o m y .
S ince the  In d u s t r ia l  R e v o lu tio n , th e re  have been s u b s ta n tia l s h if ts  in  
the  p a tte rn  o f e m p lo ym e n t, bu t the  econom y as a w ho le  has adapted to  
te c h n o lo g ic a l change and to  an e v e r-e x p a n d in g  la b o u r  fo rc e . Indeed 
te c h n o lo g ic a l change has a lw ays  been a m a jo r  s o u rc e  o f e co nom ic  
g ro w th  and r is in g  r e a l in c o m e s . T h is  sho u ld  be e q u a lly  t ru e  o f new 
te ch n o lo g ie s . G ro w th  can com e -
o T h ro u g h  an im p ro v e m e n t in  p ro d u c t iv ity ,  e. g . , b e t te r  q u a li ty  
c o n tro l on p ro d u c tio n  l in e s  b y  the  use o f m e a s u r in g  m a ch in e  
te ch n o lo g y .
o B y  m a k in g  p o s s ib le  new o r  im p ro v e d  p ro d u c ts .
T h e  lo n g  te r m  e ffe c ts  o f new te ch n o lo g ie s  on e m p lo ym e n t is  co m p le x  
and u n c e r ta in . H ig h e r  p ro d u c t iv ity  im p lie s  le s s  e m p lo ym e n t fo r  the  
sam e le v e l o f ou tpu t. On th e  o th e r  hand, i f  th e  o p p o r tu n it ie s  p ro v id e d  
b y  new te c h n o lo g ie s  a re  se ize d , new, im p ro v e d  o r  ch e a p e r goods and 
s e rv ic e s  w i l l  becom e a v a ila b le . T h e se  w i l l  c re a te  la r g e r  m a rk e ts  at 
hom e o r  o ve rse a s  and th is  in  tu rn  w ou ld  b e n e fit th e  ba la n ce  o f p a y ­
m e n ts  and g ive  scope fo r  re f la t io n a ry  a c tio n  b u t, and i t  is  a v i t a l  b u t, 
a l l  depends on in d u s tr y 's  a b i l i t y  to  re m a in  fu l ly  c o m p e t it iv e  in t e r ­
n a t io n a lly  in  the  s e c to rs  m o s t a ffe c te d .
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1 .2  -  T H E  P R O B L E M  W IT H  NEW  T E C H N O LO G Y .
A  n u m b e r o f fo re c a s ts  a p p e a rin g  in  the  p re s s  have g ive n  the  e m p lo y ­
m en t e ffe c ts  o f new te c h n o lo g ie s  such  as m ic ro -e le c t r o n ic s  as a r is e  
in  B r i t is h  u n e m p lo ym e n t to  3 -5  m i l l io n .  T h e se  fo re c a s ts  have (a) 
o v e re s t im a te d  th e  speed a t w h ich  these  new te c h n o lo g ie s  a re  l ik e ly  in  
p ra c t ic e  to  be a p p lie d  in  B r i ta in ,  and (b) u n d e re s tim a te d  th e  p o s s ib ­
i l i t i e s  f o r  jo b  c re a t io n  th ro u g h  new a p p lic a t io n s . T h is  fo re c a s te d  
in c re a s e  in  u n e m p lo ym e n t is  v e r y  s im i la r  to  the  n u m b e r o f job s  lo s t*  
in  th e  c o n tra c t in g  s e c td rs  o f B r i t is h  in d u s try  o v e r  th e  la s t  f i f te e n  
y e a rs  (1 961 -1 976 ). (1) -  T h e re fo re  th e  p re d ic te d  ra te  o f change is  
n o t u n p a ra lle le d , bu t, as in  the  1961-76  p e r io d , e v e ry th in g  w i l l  
depend on w h e th e r job  c re a t io n  m a tch es  jo b  re d u c t io n . In d u s try  m a y  
w e ll  have  m a jo r  e m p lo ym e n t p ro b le m s  in  the  n ex t f i f te e n  y e a rs  due 
to  d e m o g ra p h ic  e ffe c ts  and th e  h ig h e r  p ro p o r t io n  o f w om en  in  th e  
la b o u r  fo rc e .  In d u s try  m a y  indeed  have e m p lo ym e n t p ro b le m s  b u t a t 
th is  s tage  th e re  is  in s u f f ic ie n t  re s e a rc h  y e t to  co n v in ce  th a t m ic r o ­
e le c tro n ic s  o r  o th e r  new te ch n o lo g ie s  w i l l  be  a m a jo r  fa c to r  f o r  the  
w o rs e , u n le ss  th e  g e n e ra l p ro s p e c ts  fo r  e m p lo y m e n t c re a te  in c re a s e d  
u n w illin g n e s s  to  a cce p t te c h n o lo g ic a l change. T h is  m a y  seem  a 
r e la t iv e ly  c o m p la c e n t v ie w  on th e  dangers  o f te c h n o lo g ic a l u n e m p lo y ­
m e n t b u t th e  a l l  im p o r ta n t v a r ia b le  is  the  a d a p ta b ili ty  o f the  B r i t is h  
econom y.
M o s t co m m e n t f r o m  in d u s try  and the  tra d e  un ions re c o g n is e s
1. T h a t B r i t i s h  in d u s try  m u s t adopt the  new te ch n o lo g y  as q u ic k ly  
as h e r  c o m p e t ito rs  ( fa s te r  i f  p o s s ib le ), and
2. T h a t, in  w e lc o m e  c o n tra s t to  m any o th e r advanced te c h n o lo g ie s , 
m ic r o - e le c t r o n ic s  fo r  exa m p le , does no t in v o lv e  a he avy  c a p ita l 
in v e s tm e n t in  a s m a ll ra n ge  o f in d u s tr ie s .  I t  in v o lv e s  in s te a d  v e ry  
w id e s p re a d  a p p lic a t io n s , m a n y  o f w h ich  m a y  a p pe a r s m a ll in  th e m ­
s e lv e s . I t  w i l l  be th e  d e c is io n s  o f thousands o f lo c a l m a n ag e rs  and 
lo c a l t ra d e  u n io n is ts , as s ta te d  p re v io u s ly , re s p o n d in g  to  th e  
p o s s ib i l i t ie s  f o r  th e ir  own com pan ies and p la n ts , th a t w i l l  
la r g e ly  d e te rm in e  th e  ra te  o f change.
In  som e f ie ld s  w h e re  new te ch n o lo g ie s  such as m ic ro -e le c t r o n ic s  w i l l
have a m a jo r  im p a c t, B r i t a in  is  r e la t iv e ly  s tro n g  and f le x ib le ,  B r i ta in
has a s tro n g  b a ckg ro u n d  in  c o m p u te r p ro g ra m m in g  and has been h ig h ly
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s u c c e s s fu l in  e x p o r t in g  s e rv ic e s  ( f in a n c ia l,  te c h n ic a l, e d u ca tio n a l). 
T h e  re a l e m p lo ym e n t ga ins  w i l l  a c c ru e  to  those  c o u n tr ie s  w h ich  can 
tra n s la te  new te c h n o lo g ic a l in n o va tio n s  in to  new, a t t ra c t iv e ,  in e x ­
p e ns ive  p ro d u c ts  f o r  m ass co n su m p tio n . T h is  is  w h e re  B r i ta in  has 
been in  th e  pa s t, r e la t iv e ly  w eak and B r i t is h  m a n u fa c tu re rs  s lo w  to  
m o d ify  th e i r  p ro d u c ts  and th e i r  p ro d u c tio n  p ro c e s s e s . T h e  m a in  
o b je c tiv e  o f B r i t is h  m a n u fa c tu re rs  m u s t be to  speed up th is  ra te  of 
change in  the  fu tu re .
T h e  jo b  lo s s  e ffe c ts  w ith  any new te ch n o lo g y  tend  to  be m o re  
im m e d ia te ly  d e m o n s tra b le  than  p o s s ib le  job  .gains w h ic h  m a y  be 
w id e ly  d if fu s e d . One w ay o f shedd ing  fu r th e r  l ig h t  is  b y  lo o k in g  at 
in d iv id u a l cases in  in d u s try ,  c o m m e rc e  and th e  p u b lic  s e rv ic e s  w h e re  
th e  e ffe c ts  o f new  te ch n o lo g y  a p p lic a tio n s  can a lre a d y  be seen.
T he  p re d ic t io n s  about e m p lo ym e n t th a t a re  now b e in g  m ade on new 
te c h n o lo g ie s  w e re  b e in g  m ade tw e n ty  o r  so y e a rs  ago w ith  e a r l ie r  
g e n e ra tio n s  o f c o m p u te rs . T h e  C iv i l  S e rv ic e  has used co m p u te rs  
f o r  a n u m b e r o f y e a rs  and a s tu d y  o f the  e m p lo ym e n t e ffe c ts  shows 
how  w ro n g  th o se  p re d ic t io n s  w e re .
T h e  ju s t i f ic a t io n  f o r  th e  use o f c o m p u te r s y s te m s  ra th e r  than  m a n u a l 
s ys te m s  has been h e a v ily  dependent upon th e  s ta f f  sav in g s  th e y  a re  
sa id  to  m ake  p o s s ib le . A n  exa m p le  o f th is  is  th e  c o m p u te r is e d  p a y ­
m e n t o f u n e m p lo ym e n t b e n e fit . B y  1977-78 som e p o s ts , m a in ly  
c le r ic a l,  had been saved, p a r t ly  o ffs e t b y  som e 450 c o m p u te r  re la te d  
p o s ts . (1). T h is  p ic tu re  is  re p e a te d  in  o th e r  c o m p u te r  in s ta lla t io n s , 
b u t ta k in g  a w id e r  v ie w , th e re  has been be tw een 1970 and 1977 a 
g ro w th  f r o m  170, 000 to  200, 000 s ta f f  in  c a te g o rie s  m o s t l ik e ly  to  
have been a ffe c te d  b y  c o m p u te r in s ta lla t io n s .
T h e  re a so n s  f o r  th is  p a ra d o x , the  m o re  th e  c o m p u te rs , th e  m o re  the  
s ta ff ,  a re  no t h a rd  to  f in d . In  som e cases th e  c o m p u te r a p p lic a tio n s  
have th e m s e lv e s  suggested  new a re as  o f w o rk  and new s e rv ic e s  th a t 
/   - 6 -
g o ve rn m e n t d e p a rtm e n ts  co u ld  deve lop , w ith  b e n e fit to  th e  c o m m u n ity . 
In  o th e r  cases the  s ta f f  f re e d  b y  c o m p u te r a p p lic a t io n s  have been 
a bso rb e d  in  new s e rv ic e s , not o f th e m s e lv e s  c o m p u te r re la te d , w h ich  
cou ld  no t have been deve loped  a t a l l  had co m p u te rs  not f re e d  th e m .
In  1977 th e  n u m b e rs  o f s ta f f  a c tu a lly  engaged in  c o m p u te r  o p e ra tio n s  
was about 14, 000 and th e  n u m b e rs  " f r e e d "  b y  c o m p u te rs  w e re  s e v e ra l 
t im e s  th a t f ig u re ,  y e t th e  to ta l n u m be rs  em p lo ye d  in  th e  a re a s  a ffe c te d  
had r is e n  s ig n if ic a n t ly .  In  s h o r t,  the  c o n c lu s io n  is  th a t th e  e m p lo y ­
m e n t e ffe c t o f c o m p u te rs  in  th e  C iv i l  S e rv ic e  has been  a t b e s t to  
r e s t r a in  th e  g ro w th  o f c le r ic a l  e m p lo ym e n t and c e r ta in ly  not to  re d u ce  
i t .  _ .
In  an e n g in e e r in g  fa c to ry ,  th e  m a in  e ffe c t o f in s ta l l in g  a m ic r o p r o ­
c e s s o r based  p ro d u c tio n  c o n tro l s y s te m  has been a re d u c t io n  in  the  
le n g th  o f th e  p ro d u c tio n  c y c le . T h is  has enab led  e x p o rts  to  be 
in c re a s e d  th ro u g h  g re a te r  con fide n ce  in  b id d in g  f o r  o rd e rs .  T h e re  
have been re d u c t io n s  in  c le r ic a l  la b o u r  re q u ire d  to  o p e ra te  th e  p ro ­
d u c tio n  c o n tro l s y s te m , bu t th e  m o s t s u b s ta n tia l d ir e c t  e conom ies  
have com e about th ro u g h  a re d u c t io n  in  the  am oun t o f w o rk  in  p ro ­
g re s s .
R e p o rts  on the  a p p lic a t io n  o f new te ch n o lo g ie s  have la id  s tre s s  upon 
th e  d is t in c t io n  th a t has to  be m ade betw een a p p lic a t io n s  to  p ro d u c ts  
and to  p ro c e s s e s . One case s tu d y  was th e re fo re  d ire c te d  to w a rd s  ' 
the  c a r  in d u s try  w h e re  new te ch n o lo g ie s  a s so c ia te d  w ith , fo r  exam p le  
m ic r o - e le c t r o n ic s ,  m a y  be expected  to  m ake  th e ir  im p a c t in  bo th  
a re a s . In  th e  c a r  in d u s try  the  m a jo r i ty  o f a p p lic a tio n s  on the  p ro ­
d u c tio n  s ide  have been  co n ce n tra te d  upon such a re a s  as des ign , 
te s tin g , m o n ito r in g , p ro d u c tio n  to o lin g  and so on, w h e re  th e y  have 
fe w  m a n po w e r im p lic a t io n s .  T h e re  a re , o f c o u rs e , som e p ro d u c tio n  
l in e  a p p lic a t io n s  w h e re  th ese  a re  a p p lie d  p ie c e m e a l in  e x is t in g  p ro ­
d u c tio n  lin e s , th e  m a n p o w e r e ffe c ts  a re  s lig h t,  inde ed  these  
a p p lic a t io n s  a re  o fte n  m ade in  o rd e r  to  o ve rco m e  la b o u r  sh o rta ge s  
on th e  p ro d u c tio n  l in e  (e. g . , p a in t-s p ra y in g  and body  w e ld in g ).
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W h e re  e n t i r e ly  new  p ro d u c tio n  lin e s  a re  la id  down m a n p o w e r im p l ic a ­
tio n s  m a y  be g re a te r ,  bu t i t  is  im p o s s ib le  so f a r  to  is o la te  the  
p a r t ic u la r  e ffe c ts  o f m ic r o -e le c t r o n ic s  f r o m  tho se  o f o th e r te ch n o ­
lo g ic a l advances a lthoug h  th is  th e s is  w i l l  a tte m p t to  is o la te  these  
e ffe c ts . F u r th e rm o re ,  w h e th e r th e  n u m b e rs  e m p lo ye d  w i l l  a c tu a lly  
f a l l  w i l l  depend c r u c ia l ly  upon m a rk e t c o n d itio n s , B r i t i s h  m a rk e t 
s h a re , and so on.
T h e se  s u m m a r ie s  o f case s tu d ie s  do not p re te n d  to  be a s y s te m a tic  
s u rv e y , b u t th e y  do suggest the  need f o r  ca u tio n  in  any s im p le  p r e ­
d ic t io n s  about th e  e ffe c ts  o f new te c h n o lo g ie s ,o n  em ploynaen t because  •
o A p p lic a t io n s  r a r e ly  in v o lv e  th e  s t ra ig h t fo rw a rd  s u b s t itu t io n  o f 
la b o u r  o r  (m o re  exp en s ive ) c a p ita l b y  new te ch n o lo g y . M o re  
o fte n  th e  m a in  m o tiv e s  a re  the  re d u c t io n  o f s to c k  le v e ls  and 
sa v in g s  in  ra w  m a te r ia l  and e ne rg y , im p ro v e m e n ts  in  q u a li ty  and 
r e l ia b i l i t y ,  b e t te r  in fo rm a t io n  f o r  c o n tro l o r  th e  s o lu t io n  o f 
te c h n ic a l p ro b le m s ,
o New te c h n o lo g ie s  such  as m ic ro p ro c e s s o rs  a re  u s u a lly  in s ta lle d  
as p a r t  o f a p ro c e s s  o f a u to m a tio n  and m e c h a n is a tio n . T he  
m a jo r  changes w i l l  no t n e c e s s a r ily  be on th e  n u m b e rs  em p loyed  
b u t on the  o rg a n is a t io n a l s t ru c tu re  and p ro d u c t ra n g e .
o T h e  p e n e tra t io n  o f new te ch n o lo g ie s  in to  p ro d u c ts  and p ro ce sse s  
is  a g re a t d e a l le s s  advanced ( in  c o m p e t ito r  c o u n tr ie s  and in  
B r i ta in )  th a n  m an y  peop le  a ssum e . F a r  f r o m  b e in g  im m e d ia te , 
as has been suggested  b y  som e c o m m e n ta to rs , the  te c h n o lo g ic a l 
changes in  m o s t in d u s tr ie s  a re  l ik e ly  to  be e v o lu t io n a ry  ra th e r  
th a n  re v o lu t io n a ry ,  and th e  consequent e m p lo y m e n t e ffe c ts  a re  
l ik e ly  to  be s lo w  to  show  th e m se lve s  and in  m o s t a re a s  to  o f fe r  
re a s o n a b le  o p p o rtu n it ie s  f o r  p lanned  a d ju s tm e n t.
B a la n ce  o f S k il ls
P ro b a b ly  th e  m o s t d ir e c t  e ffe c t o f th e  m o re  w id e s p re a d  use o f new 
te ch n o lo g y  in  m a n u fa c tu r in g  p ro ce sse s  and in  s e rv ic e s  w i l l  be on the  
ba la n ce  o f s k i l ls .  A s  m a n u a l a s s e m b ly  g ives  w ay  to  au tom ated  
a s s e m b ly , e s p e c ia lly  in  b a tch  p ro d u c tio n , the  p ro d u c tio n  w o rk e r  w i l l  
becom e in c re a s in g ly  d is ta n c e d  f r o m  the  p ro d u c tio n  l in e .  He w i l l  have 
th e  o p p o r tu n ity  to  a c q u ire  new  s k i l ls  and the  fre e d o m  a sso c ia te d  w ith  
w h ite - c o l la r  w o rk . T h e re  w i l l  a ls o  be scope fo r  re -o rg a n is in g
c le r ic a l  o p e ra tio n s  in  o rd e r  to  p ro v id e  g re a te r  job  s a t is fa c t io n ; fo r
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in s ta n c e , c le r ic a l  w o rk e rs  in  som e gas b o a rd s  now have te rm in a ls  
on w h ic h  th e y  can c a l l  up in fo rm a t io n  to  a n sw e r c u s to m e rs ’ q u e r ie s , 
w ith o u t h a v in g  to  r e fe r  th e  c u s to m e rs  to  o th e r d e p a rtm e n ts .
N ot a l l  w o rk e rs  w i l l  be fre e d  f r o m  the  c o n s tra in ts  o f the p ro d u c tio n  
lin e . Indeed, in  som e cases, new te ch n o lo g ie s  w i l l  a llo w  new a re as  
to  be au tom ated  w ith  th e  f a m i l ia r  unp leasan t consequences, such as 
re d u c t io n  in  the  ra n g e  o f s k i l ls  and ta sks  in  each w o rk e r 's  jo b , the  
p o s s ib i l i t y  o f b e in g  paced b y  the  m a ch in e , and th e  need fo r  s h if tw o rk  
to  m ake  f u l l  use o f expens ive  c a p ita l.
Some o f th e  new o ccu pa tio n s  w h ic h  w i l l  e m e rg e  w i l l  be d i f f ic u l t  to  f i t  
in to  e x is t in g  s tru c tu re s  and the  p re s e n t l in e s  o f d is t in c t io n  m a y  com e 
u n d e r p re s s u re . P o w e r and re s p o n s ib i l i ty  m a y  be re d is t r ib u te d  
be tw een  th e  le v e ls  o f a job  -h ie ra rc h y ;  f o r  in s ta n c e , c o m p u te r is e d  
d ia g n o s tic  s y s te m s  co u ld  b r in g  a t r a n s fe r  o f r e s p o n s ib i l i ty  aw ay 
f r o m  the  ju n io r  h o s p ita l d o c to r  on the  one hand, up w a rd s  to  the  
s p e c ia lis ts  w ho c o m p ile  the  in fo rm a t io n  and on th e  o th e r  hand, s id e ­
w ays to  th e  g e n e ra l p r a c t i t io n e r  who m a y  c a r r y  h is  own d ia g n o s is  
fu r th e r  th ro u g h  th is  a id . T h e  la b o u r  m anagem ent p ro b le m s  
a s so c ia te d  w ith  changes in  te ch n o lo g y  m a y  fo r m  a c o n s id e ra b le  
b a r r ie r  to  the  a d o p tio n  o f new s y s te m s .
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1 .3  -  T H E  O B J E C T IV E  O F T H IS  TH E S IS .
T h is  th e s is  has tw o  m a jo r  o b je c tiv e s  -
1, T o  in v e s t ig a te  th e  p ro b le m s  a sso c ia te d  w ith  th e  in tro d u c t io n  o f 
s p e c if ic  new te ch n o lo g y  in to  m a n u fa c tu r in g  in d u s try .
2. T o  d e r iv e  and eva lu a te  c o n s tru c t iv e  c o n c lu s io n s  f r o m  the  in v e s t i ­
g a tio n  w h ic h  w ou ld  be o f a sound c o n tr ib u t io n  to  m a n u fa c tu r in g  
in d u s try .
T o  a ch ie ve  these  2 m a jo r  o b je c tiv e s , i t  is  n e c e s s a ry  to  de ve lop  a th e o ­
r e t ic a l  m o d e l o f th e  e n te rp r is e  and then  to  re la te  th e  p ra c t ic a l f in d in g s  
o f th is  re s e a rc h  to  the  m o d e l. T h is  m o d e l o f th e  e n te rp r is e  as i l l u ­
s tra te d  in  F ig u re  No: 1 .1 , a tte m p ts  to  show the  l in k in g  re la t io n s h ip  b e ­
tw e e n  new te ch n o lo g y  and 6 s p e c if ic  fa c to rs  o f the  w ho le  e n te rp r is e .
T h e  s p e c if ic  a im s  o f the  re s e a rc h  w i l l  th e re fo re  be to  a d d re ss  each one 
o f th ese  fa c to rs  f r o m  the  a n a ly s is  o f the  s tu d y  o f new te ch n o lo g y  in  
p ro c e s s  m a n u fa c tu r in g . T h is  th e s is  a rg ues  th a t new te ch n o lo g y  w i l l  
have an im p a c t on these  fa c to rs ,  such  as to  cause som e de g re e  o f 
change. T h e  6 ke y  fa c to rs  o f th e  e n te rp r is e  as show n in
F ig u re  No: 1 .1  a re  d e fin e d  as fo llo w s  : -
O rg a n is a tio n  S tru c tu re .
O rg a n is a tio n  s t ru c tu re  is  d e fin e d  as th e  f ra m e w o rk  in  w h ic h  the  e n te r ­
p r is e  fu n c tio n s . I t  is  the  d iv is io n  o f la b o u r  w h ich  d ra w s  a d is t in c t io n  
be tw een span o f c o n tro l and h ie ra rc h y  o f m a n a g e r ia l le v e ls  fo r  v a r io u s  
f i r m s ,  re la te d  to  o rg a n is a tio n  le v e ls  in  th e  concep t o f t a l l  and f la t  
s t ru c tu re s .  A  f la t  o rg a n is a tio n  is  one w h e re  th e re  a re  fe w  le v e ls  r e ­
la t iv e  to  the  to ta l s iz e  o f the  o rg a n is a tio n , w h ile  a t a l l  o rg a n is a tio n  
has m any le v e ls .  T h e  span o f c o n tro l is  the  n u m b e r o f im m e d ia te  sub ­
o rd in a te s  w hose w o rk  is  in te r re la te d  and re p o r t in g  to  a s u p e r io r .
T h e  lin e s  o f a u th o r ity  b o th  d ir e c t  and fu n c tio n a l a re  the  cha ins o f c o m ­
m and th ro u g h  w h ic h  the  to p  le v e ls  o f the  o rg a n is a tio n  r e la y  in s tru c t io n s  
to  the  lo w e r  le v e ls  o f th e  s t ru c tu re  at w h ich  p o in t in s t ru c t io n s  a re  con ­
v e r te d  in to  a c tio n . In fo rm a tio n  f lo w  lin e s  a re  the  m eans b y  w h ic h  data 
is  t ra n s m it te d  v e r t ic a l ly  and h o r iz o n ta l ly  in  re c ip ro c a t in g  d ire c t io n s . 
W o rk f lo w  d is c ip lin e s  a re  con ce rn e d  w ith  d ire c t io n  and a c t iv i t y  s u rro u n d in g  
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m a n u fa c tu r in g  o f a com ponent w ith in  the  o rg a n is a tio n . In fo rm a l and 
fo rm a l o rg a n is a tio n  is  the  d is t in c t io n  be tw een  th e  e s ta b lis h e d  a u th o r ­
is e d  s t ru c tu re  and th a t o f th e  u n o f f ic ia l o rg a n is a tio n ,w h ic h  is  n e ith e r  
w r it te n  n o r  p ro c e d u r is e d .
I t  is  not the  p u rp o se  o f th is  re s e a rc h  to  a rg u e  w ith  the  e s ta b lis h e d  
th e o r ie s  o f o rg a n is a tio n  s t ru c tu re  re la te d  to  th e  above e lem en ts , b u t i t  
is  the  p r im e  in te n t io n  th a t o b s e rv a tio n s  be m ade o f th e se  e le m e n ts  to  
e s ta b lis h  i f  any changes a re  a p p a re n t, due to  th e  im p a c t and p ro b le m  of 
new  te ch n o lo g y .
M a n a g e m e n t. . _ ■
T h e  m anagem ent g ro u p  a re  d e fin e d  as the  peop le  m o s t ly  conce rned  w ith  
p la n n in g , o rg a n is in g , c o -o rd in a t in g , m o tiv a t in g  and c o n tro ll in g  th e  
e le m e n ts  o f the  e n te rp r is e .  In  th is  in s ta n ce  th e  re s e a rc h  is  co n ce rne d  
p r in c ip a l ly  w ith  c o m p o s itio n , a ttitu d e s  and s u p p o rt f o r  new te c h n o lo g y , 
th e r e a f te r  w ith  de gree  o f in v o lv e m e n t, accep tance  and c re a tiv e n e s s  
re la te d  to  new te c h n o lo g y .
S tra te g ie s .
S tra te g ie s  a re  d e fin e d  as the  fo rm a t io n  o f o b je c tiv e s  f o r  th e  e n te rp r is e  
and the  m e thod  b y  w h ich  the  o b je c tiv e s  can be o b ta in e d  th ro u g h  s h o r t 
and lo n g  te r m  p lans  w ith  c o n s id e ra tio n  o f re s o u rc e s  c u r re n t ly  a v a il ­
a b le . S tra te g ie s  a ls o  e m b ra ce  th e  p o lic ie s  adop ted  fo r  e duca tio n  and 
t ra in in g  fo r  c u r re n t  and fu tu re  needs and the  a tte n tio n  g ive n  to  te a m ­
w o rk  and te a m  le a d e rs h ip  to w a rd s  m e e tin g  needs c re a te d  b y  new te c h ­
n o lo g ie s .
M a ch in e  Shop E n v iro n m e n t.
T h e  e n v iro n m e n t in  th is  re s e a rc h  is  th a t p h y s ic a l e n v iro n m e n t d ir e c t ly  
re la te d  to  the  n a tu re  o f the  te ch n o lo g y  c e n tra l to  the  s tu d y . W hat is  
th e  g ro w th  o f th e  te c h n o lo g y  in  te rm s  o f in d iv id u a l u n its  in  any one 
f i r m ?  W hat s y s te m s  a re  used to  s e le c t and s p e c ify  th a t techno logy?  
How is  the  te c h n o lo g y  lo c a te d  w ith in  the  m a ch in e  shop e n v iro n m e n t 
and w ha t a re  th e  p ra c t ic e s  adopted fo r  m a in ten a n ce  o f th ese  new te c h ­
n o lo g ie s  w ith in  th e  f i rm ?
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C o n tro l S ys tem s
One e s ta b lis h e d  s y s te m  o f c o n tro l re la te d  to  a l l  te ch n o lo g y  a c q u ire d  
b y  a m a n u fa c tu r in g  f i r m  is  th a t o f r e tu rn  on in v e s tm e n t a n a ly s is .
T h is  te ch n iq u e  w i l l  be d e s c r ib e d  b y  a c tu a l case s tu d y  exa m p les  and 
w i l l  be show n how i t  r e f le c ts  th e  e ffe c t o f new te ch n o lo g y  on the  
e n te rp r is e .
P  eople
T h is  re s e a rc h  e xa m in e s  the  o b se rve d  e ffe c ts  o f new te ch n o lo g y  on a l l  
le v e ls  o f peop le  w ith in  th e  f i r m .  In  p a r t ic u la r  i t  id e n t if ie s  s h if ts  in  
e m p lo ym e n t, s k i l ls ,  re s is ta n c e  to  change, in te g ra t io n  o f ta s k s , job  
s a tis fa c t io n , s ta tu s  and in te r -p e rs o n a l and in te r -g ro u p  re la t io n s h ip s  
to g e th e r w ith  o th e r  e le m e n ts  a ffe c te d  b y  new te ch n o lo g y  un de r th e  
g e n e ra l h e ad ing  o f peop le .
F o rm a t f o r  th e  P re s e n ta t io n  o f O b se rve d  E ffe c ts .
E ach  c h a p te r o f th is  re s e a rc h  th e s is  w ith  th e  e xc e p tio n  o f C h a p te rs  1 
and 2, w i l l  be conc luded  w ith  a ta b le  id e n t ify in g  th e  o b se rve d  e ffe c ts  
o f new te ch n o lo g y . E ach  ta b le  w i l l  have a h ead ing  d e s c r ib in g  th e  
b ro a d  t i t l e  d is cu sse d  in  th a t c h a p te r fo llo w e d  b y  an a n a ly s is  o f those  
e ffe c ts  u n d e r th e  fo llo w in g  d e fin e d  su b -he a d in g s  as show n in  f ig u re  
No: 1 .1  n a m e ly ,o rg a n is a tio n  s tru c tu re ,  m anagem ent, s tra te g ie s , m a ­
ch ine  shop e n v iro n m e n t, c o n tro l sys te m s  and peop le . T h e se  above 
su b -he a d in g s  a re  d e s c r ib e d  fo r  th is  p ro je c t as fa c to rs  and a re  fu r th e r  
b ro k e n  down in to  s p e c if ic  com ponents to  be d is c u s s e d  u n de r th e  su b ­
head ing  o f e le m e n ts .
F a c to r .
S ix  fa c to rs  as p re v io u s ly  d e fin e d  and d is p la y e d  on the  m o d e l shown 
in  f ig u re  N o: 1. 1 n a m e ly , o rg a n is a tio n  s tru c tu re ,  m anagem ent, 
s tra te g ie s , m a ch in e  shop e n v iro n m e n t, c o n tro l s y s te m s  and peop le .
E le m e n ts .
T h e  e le m e n ts  id e n t if ie d  w ith in  each fa c to r  a re  th o se  ite m s  w h ich  have 
been o b se rve d  to  be su b je c t to  som e d e g re e  o f change d ir e c t ly  due to
th e  in t ro d u c t io n  o f new te ch n o lo g y . T h e  d e ta il on each o f th ese
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e le m e n ts  is  f u l ly  d e s c r ib e d  w ith in  th e  te x t o f each c h a p te r, and in  the  
c o n c lu d in g  s e c tio n  p r io r  to  the  s u m m a ry  re s u lts  o f th a t c h a p te r g ive n  
in  the  a fo re m e n tio n e d  ta b le s  e n t it le d  ’ ’O b se rve d  E ffe c ts  o f New 
T e c h n o lo g y ” ,
Change T y p e :
F o u r  types  o f change a re  c o n s id e re d , v i z . ,
One Step -  w h e re  the  o b se rve d  e ffe c t o f new te c h n o lo g y  re s u lte d  
in  a d e f in ite  change in  the  a fo re m e n tio n e d  e le m e n t.
C u m u la tiv e  -  w h e re  th e  change was a s e r ie s  o f s m a ll  im p a c ts  o r  
e ffe c ts  on th e  e le m e n ts  w h ic h  re s u lte d  in  a g ra d u a l change to  the  
e le m e n t, - -
C on tinu ous  - w h e re  the  change was m ade o v e r  a lo n g e r  le s s  
d is c e rn ib le  p e r io d  o f t im e , pe rha p s  not r e s u lt in g  in  a co m p le te  
change to  th e  e le m e n t.
N i l  -  w h e re  no change was o b se rve d  in  th e  e le m e n t.
E ffe c t:
T h e  o b se rve d  e ffe c t o f each change to  the  s p e c if ic  e le m e n t is  d e s c r ib ­
ed b r ie f ly  b y  one o r  tw o  w o rd s  w ith in  the  con ten ts  o f each s u m m a ry  ta b le .
N ew  T e c h n o lo g y  and In n o va tio n  D e fin e d :
T o  c le a r ly  d e fin e  th e  te r m  ’ ’te c h n o lo g y ”  as i t  a p p lie s  to  th is  re s e a rc h  
p ro je c t ,  th e  fo llo w in g  d e f in it io n s  o f types  o f te ch n o lo g y  and a d e f in it io n  
f o r  in n o v a tio n  a re  g ive n  b e lo w :-
New T e c h n o lo g y .
New te c h n o lo g y  is  d e fin e d  f o r  th is  re s e a rc h  as th a t te c h n o lo g y  w h ic h  
e m p ha s ise s  th e  s o r t  o f m a c h in e ry  th e  e n te rp r is e  uses and the  w ay i t  is  
lin k e d  to g e th e r. I t  is  e s s e n t ia lly  th a t te ch n o lo g y  w h ich  is  used to  gene­
ra te  th e  p ro d u c t o r  s e rv ic e  w ith in  the  e n te rp r is e . H ickso n ( 2) d e s c r ib e d  
th is  as O p e ra tio n s  T e c h n o lo g y  w ith  the  o b je c tiv e  o f id e n t ify in g  the  
m a n u fa c tu r in g  a c t iv i t y  and d if fe re n t ia t in g  i t  f r o m  o th e r  typ e s  o f te c h ­
no logy  w ith in  th e  e n te rp r is e .
In n o va tio n .
In n o v a tio n  is  d e fine d  fo r  th is  re s e a rc h  as the  ad op tio n  o f a change 
w h ic h  is  new to  th e  e n te rp r is e .  -1 4 -  
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1 .4  -  R E S E A R C H  D E S IG N  USED IN  T H IS  P R O J E C T .
One c r i te r io n  fo r  ju d g in g  the  u t i l i t y  o f any re s e a rc h  d e s ig n  is  i ts  
a b i l i t y  to  r u le  out th e  p o s s ib i l i t y  o f a lte rn a t iv e  e x p la n a tio n s . T h e  
a u th o r is  the  ke y  p a r t ic ip a n t  in  the  e x e rc is e  and has d e te rm in e d  th a t 
th e  m a jo r  o b je c tiv e  is  to  s a t is fy  the  h yp o th e s is  on th e  e ffe c ts  and 
p ro b le m s  o f new te c h n o lo g y  in  in d u s try .  A  sca le  o f p r io r i t ie s  was 
e s ta b lis h e d  w h ic h  w ou ld  s e rv e  to  s y s te m a tic a lly  re s e a rc h  th e  h yp o ­
th e s is , T h e se  p r io r i t ie s  in c lu d e d  a need to  s e a rc h  f o r  p r io r  w o rk  on 
th is  s p e c if ic  s u b je c t and to  re a d  e x te n s iv e ly  th e  l i t e r a tu r e  re la te d  to  
th e  chosen to p ic .  T h e  fin d in g s  o f th is  re s e a rc h  on p r io r  w o rk  w i l l  be 
d iscu sse d  la te r  in  th is  c h a p te r. T h e  next s tage was the  d e c is io n  on 
the  d e s ig n  i t s e lf ,  in  th is  re s p e c t i t  was e s ta b lis h e d  th a t som e fo r m  o f 
c o n tro l and e x p e r im e n ta l g ro u p  te s t w ou ld  be used, to g e th e r  w ith  a 
s e r ie s  o f case s tu d ie s  fo llo w e d  b y  a la rg e  p o p u la tio n  f ie ld  s tu d y . D a ta  
w o u ld  be  c o lle c te d  f r o m  one o rg a n is a tio n  to  d e te rm in e  th e  fa c to rs  
w h ic h  le a d  up to  th e  a c q u is it io n  o f th e  new te c h n o lo g y  and th e  e ffe c ts  
o f th is  te ch n o lo g y  on th a t o rg a n is a tio n  up to  da te . T h is  w ou ld  be 
fo llo w e d  b y  a p e rs o n a l face  to  fa ce  in te rv ie w  w ith  tw o  se p a ra te  g roups  
o f peop le  in  th a t sam e o rg a n is a tio n , one g roup  b e in g  a c o n tro l g ro up  
not exposed to  th e  new te ch n o lo g y , w h ile  th e  second w o u ld  be the  
e x p e r im e n ta l g ro u p  w h o lly  a sso c ia te d  w ith  th e  new te ch n o lo g y .
T h e  nex t phase was to  re s e a rc h  a m u lt in a t io n a l o rg a n is a tio n  o f 23 
se p a ra te  m a n u fa c tu r in g  p la n ts  and c o lle c t data  f r o m  a second e x p e r i­
m e n ta l g ro u p  w h o lly  exposed to  the  new te ch n o lo g y . T h is  w ou ld  then  
be used as c o m p a r is o n  da ta . T h e  f in a l  s tage  w o u ld  be a w o r ld w id e  
s u rv e y  o f u s e r and n o n -u s e r f i r m s  o f the  new te ch n o lo g y  to  t r y  to  
e s ta b lis h  an in d u s t r ia l  p a tte rn  o f im p a c t and e ffe c t.
T h is  was the  p a tte rn  o f p r io r i t ie s  la id  down. T h e re  w e re  o f co u rse  
a lte rn a t iv e  c o u rs e s  o f a c tio n , th e  re s e a rc h  c o u ld  have been con ta ined  
lo c a l ly ,  i .  e , , W e s t o f S co tland  In d u s try  and a c lo se  and p e rs o n a l 
fa ce  to  fa ce  re s e a rc h  o f com pan ies  w ith  and w ith o u t th e  new te ch n o ­
lo g y  unde r q u e s tio n , b u t th e  n a tu re  o f the  te ch n o lo g y  w o u ld  have m ade 
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th is  re s e a rc h  m uch  too  n a r ro w  a p a rt f r o m  the  fa c t th a t i t  w ou ld  have 
ta ke n  lo n g e r  d e sp ite  th e  g e o g ra p h ic a l advan tages. A n o th e r  a lte rn a t iv e  
w ou ld  have been  to  w id e n  the  concep t o f the  new te ch n o lo g y  and in c lu d e  
a w ho le  v a r ie ty  o f new typ e  equ ipm en t, bu t th is  m a y  have re s u lte d  in  
d if f ic u lt ie s  in  a s c e r ta in in g  ca u sa l lin k a g e s  on th e  im p a c t and p ro b le m  
o f one p a r t ic u la r  te ch n o lo g y  f r o m  a n o th e r.
C ou ld  th e re  be  an a lte rn a t iv e  hyp o th es is?  Indeed  th e re  co u ld  be a 
n u ll  h y p o th e s is  i f ,  f o r  e xa m p le , the  new te c h n o lo g y  w as abso rb e d  in to  
th e  c u r re n t  o rg a n is a tio n  s tru c tu re  w ith  no e ffe c t o r  p ro b le m .
T h e  H y p o th e s is .
T h e  m o d e l used to  g e n e ra te  a te s ta b le  h yp o th e s is  abou t the  im p a c t 
and p ro b le m  o f a new te ch n o lo g y  in tro d u c e d  in to  in d u s try  and, in  
p a r t ic u la r  th e  m a ch in e  shop, was based on th e  a s s u m p tio n  o f ca u sa l 
lin k a g e s  be tw een  s p e c if ic  fa c to rs  in  the  e n te rp r is e , " S ince th e  new 
te c h n o lo g y  w as b e in g  accep ted  b y  th e  m anagem ent in to  the  m a ch ine  
shop as a d d it io n a l a sse ts , th e n  th e  m anagem ent w o u ld  lo o k  f o r  a m e a ­
su re d  r e tu r n  f r o m  the  new a s s e ts . I f  no changes w e re  m ade in , f o r  
e xa m p le , th e  o rg a n is a tio n  s tru c tu re  n o r in  the  p ro d u c tio n  p ro c e s s e s , 
th e n  th is  r e tu r n  on a sse ts  w o u ld  be m in im is e d  and indeed  p ro v e  to  be 
c o u n te rp ro d u c tiv e . T h e  m o d e l w ou ld  seek to  m e a s u re  th e  changes in  
a tt itu d e , p e rc e p tio n  and b e h a v io u r o f in d iv id u a ls  u s in g  th e  equ ipm ent 
and m a n ag in g  th e  e q u ip m e n t. I t  w ou ld  in v e s t ig a te  th e  chang ing  
re la t io n s h ip  be tw een  u s e rs  and s u p p lie r  o f the  te ch n o lo g y , f in a l ly  
e x a m in in g  th e  th e o re t ic a l advantages o f the  eq u ip m e n t a g a in s t the  
a c tu a l advantages found b y  th e  u s e r o f the  te c h n o lo g y .
D ir e c t  M e a s u re m e n t T e s t ,
A s  a consequence o f th e  new te ch n o lo g y  one w o u ld  expec t to  f in d  
p o s it iv e  changes in  o rg a n is a tio n  s tru c tu re s , a lte ra t io n s  to  p ro d u c tio n  
sys te m s  and p ro c e s s e s , a sound re tu rn  on in v e s tm e n t and a r e la t io n ­
sh ip  to  p ro d u c t q u a l i ty  e ffe c tiv e n e s s .
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R e s e a rc h  S tra te g y .
T h e  a u th o r s e le c te d  a s p e c if ic  v e h ic le  to  t r y  to  p ro v e  th e  h y p o th e s is . 
T h is  v e h ic le  is  an e n t i r e ly  new te ch n o lo g y  in tro d u c e d  re c e n t ly  in to  
in d u s try  n a m e ly , th e  c o -o rd in a te  m e a s u r in g  m a c h in e . T h e  m a jo r  
re a s o n  fo r  th is  s e le c t io n  was th a t s o -c a lle d  new te c h n o lo g y  found  in  
in d u s try  e s p e c ia lly  th e  m a ch in e  shop is  g e n e ra lly  a d e ve lopm en t o f a 
p re v io u s  te c h n o lo g y . A  b a s ic  m e ta l tu rn in g  la th e  becom es a copy 
tu rn in g  la th e , becom es a n u m e r ic a l c o n tro lle d  tu rn in g  la th e , 
becom es a c o m p u te r -c o n tro lle d  tu rn in g  la th e , the  o r ig in a l  tu rn in g  
la th e  concep t has not a c tu a lly  changed, o n ly  the  m eans o f c o n tro l.  
E ve n  th e  d e ve lo p m e n t o f c o m p u te rs  f r o m  th e  m id  1950s has m oved  
a lm o s t lo g ic a l ly  th ro u g h  a p ro c e s s  o f new g e n e ra tio n s  f r o m  punch 
c a rd s  to  f lo p p y  d is c  p a cks .
T h e  c o -o rd in a te  m e a s u r in g  m a ch in e  is  d if fe re n t .  Indeed  the  im m e d i­
a te  p re d e c e s s o r te c h n o lo g y  to  i t  w as p ro b a b ly  used b y  th e  e a r ly  
E g yp tia n s  and th is  w as the  b a s ic  s u rfa c e  p la te  o r  ta b le . T h e  co ­
o rd in a te d  m e a s u r in g  m a ch in e  o r  C M M  co u ld  be d e fin e d  as "a  
m a ch in e  w h ic h  has i ts  own ’ s u r fa c e  p la te ’ w ith  m e a s u r in g  g e a r 
a tta ch e d . I ts  c o -o rd in a te  axes a re  sq ua re  in  t h e i r  own re la t io n s h ip  
and sq u a re  and p a r a l le l  w ith  the  s u rfa c e  p la te  and i ts  m e a s u re m e n t 
is  independen t o f any f ix e d  re fe re n c e  p o in t w ith in  th e  m e a s u r in g  
enve lope  o r  to  an y  m a s te r ” , (B la c k , S, 1977 -  see R e f. 8).
T h e  re s e a rc h  s tra te g y  w as to  be based  on a te c h n o lo g y  w h ich  was 
re a s o n a b ly  f r e e  o f c o n ta m in a tio n  and q u e s tio n  as to  the  d eg ree  o f 
in n o v a tio n  and th e re fo re  th e  e ffe c t o f i ts  in t ro d u c t io n  in to  in d u s try  
co u ld  be m e a su re d , v a lid a te d  and de fined  as a r e l ia b le  sam p le  o f the  
e ffe c t and p ro b le m  o f any new  te ch n o lo g y  in to  in d u s try .
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1 .5  -  T H E  S T R U C T U R E  O F T H IS  TH E S IS .
Im m e d ia te ly  fo l lo w in g  th is  in tro d u c t io n , c h a p te r 2 p re s e n ts  a f u l l  
d e s c r ip t io n  o f th e  new  te ch n o lo g y  w h ich  is  c e n tra l to  th is  re s e a rc h  
p ro je c t .  T h is  c h a p te r d e s c r ib e s  the  deve lopm en t o f m e a s u r in g  m a ­
ch ines  t r a c in g  the  h is to r y  o f in d iv id u a ls  and com p an ies  who p io n e e re d  
the  e a r ly  m o d e ls  c u lm in a tin g  in  th e  in v e n tio n  o f th e  th re e  c o -o rd in a te d  
m e a s u r in g  m a ch in e . T o  fu r th e r  e x p la in  the  re la t io n s h ip  o f th e  m e a ­
s u r in g  m a ch in e  to  o th e r m e thods o f m e a s u re m e n t, a b r ie f  o u tlin e  is  
g iv e n  o f e ig h t b a s ic  s y s te m s  o f m e tro lo g y  c o m m o n ly  used in  in d u s try  
to d a y . T h e  d is c u s s io n s  on the  c o -o rd in a te  m e a s u r in g  m a ch in e  is  
c o m p le te d  w ith  d e ta ils  o f the  c u r re n t  ’ ’s ta te - o f - t h e - a r t ”  te ch n o lo g y  
a v a ila b le  to  m a n u fa c tu r in g  and o th e r in d u s tr ie s .  T h e  re a s o n  fo r  th e  
in c lu s io n  o f th is  c h a p te r in  th e  re s e a rc h  p ro je c t  w as to  e x p la in  the  
p e c u lia r  and s p e c if ic  n a tu re  o f th is  new te c h n o lo g y  p r io r  to  any r e ­
s e a rc h  o f i t s  im p a c t on th e  e n te rp r is e . T h is  p r a c t ic a l  d e s c r ip t io n  o f 
th e  new te c h n o lo g y  is  an a tte m p t to  c le a r ly  i l lu s t r a te  th e  concep t o f 
th e  c o -o rd in a te  m e a s u r in g  m a ch in e .
A  p i lo t  s tu d y  co n ce rn e d  w ith  in t ro d u c in g  new  te c h n o lo g y  in to  a s in g le  
m a n u fa c tu r in g  p la n t is  the  b a s is  f o r  c h a p te r 3. T h is  p i lo t  s tu d y  w h ich  
in c o rp o ra te s  9 r e a l  case s tu d ie s , in  som e re s p e c ts  is  a fo u n d a tio n  
s tu d y  f o r  th is  to ta l  re s e a rc h  th e s is , and a tte m p ts  to  e s ta b lis h  the  
s tra te g ie s  used to  in tro d u c e  new te ch n o lo g y , c o n tro l s ys te m s  used to  
m e a s u re  th e  new te c h n o lo g y ’ s e ffe c t on th e  p la n t and th e  consequences 
o f new te c h n o lo g y  re la te d  to  peop le  a t a l l  le v e ls  w o rk in g  in  the  p la n t. 
T h is  p ilo t  s tu d y  co n ce rn s  i t s e l f  in  the  f i r s t  in s ta n ce  w ith  n u m e r ic a l 
c o n tro lle d  m a ch in e  to o l te ch n o lo g y  and not m e a s u r in g  m a ch in e s . T he  
re a s o n  fo r  th is  a pp ro a ch  was an a tte m p t to  f i r s t l y  se t p a ra m e te rs  o f 
im p a c t on the  e n te rp r is e  w ith  a te ch n o lo g y , w h ich , a lthough  a lso  
r e la t iv e ly  new to  m a n u fa c tu r in g  in d u s try , has had som e l im i te d  p r io r  
re s e a rc h , and se co n d ly  to  i l lu s t r a te  c le a r ly ,  due to  in c re a s e d  p ro ­
d u c t iv ity  f r o m  these  advanced m a ch in e  to o ls , w hy  m e a s u r in g  m a ch in e  
te ch n o lo g y  becam e  a n e c e s s ity  w ith in  the  m a ch in e  shop. I t  is  a rgued  
h e re  in  c h a p te r 3 th a t th e  in tro d u c t io n  o f n u m e r ic a l c o n tro lle d  m a ch ine  
/ . , .  -1 8 -
to o ls  as a new te ch n o lo g y , had m uch  g re a te r  and w id e r  im p o rta n c e , 
th a n  the  m anagem ent who in tro d u c e d  i t  had even c o n s id e re d  o r  fo r e ­
saw . T he  consequences o f th is  w e re  a s e r ie s  o f re a c t io n  b y  v a r io u s  
peop le  w ith in  the  e n te rp r is e . I t  is  th e re fo re  a p re v io u s ly  s ta te d  
o b je c tiv e  o f th e  ou tcom e o f th is  s tu d y  th a t m a n u fa c tu r in g  in d u s try  can 
be b e tte r  p re p a re d  to  m ee t th e  p re s s u re s  c re a te d  b y  new te ch n o lo g ie s  
th ro u g h  the  know ledge  ga ined  f r o m  such re s e a rc h .
C h a p te r 4 opens th e  s tu d y  in to  new m e a s u r in g  m a ch in e  te ch n o lo g y  b y  
once a g a in  re s e a rc h in g  the  s in g le  m a n u fa c tu r in g  p la n t and t r a c in g  the  
deve lo p m en t o f th is  te ch n o lo g y  f r o m  an id e n t if ie d  need th ro u g h  to  
s e le c t io n  and im p le m e n ta t io n . T h e  subsequent e ffe c ts  o f th is  new 
te ch n o lo g y  on th e  o rg a n is a tio n  s tru c tu re ,  m anagem ent and peop le  a re  
d e s c r ib e d  in  d e ta il w ith  th e  su p p o rt o f an a tt itu d e  s u rv e y  conducted  on 
th e  c ra f t  in s p e c to rs  who w e re  m o s t c lo s e ly  a s s o c ia te d  w ith  the  new 
te ch n o lo g y . C h a p te r 4 conc ludes in  a s im i la r  m a n n e r to  a l l  ch a p te rs  
f r o m  3 to  8 w ith  a s u m m a ris e d  o b se rve d  e ffe c ts  o f new te ch n o lo g y  on 
the  m o d e l o f the  e n te rp r is e ,  as p re v io u s ly  i l lu s t r a te d  in  f ig u re  No: 1 ,1 . 
H a v in g  e s ta b lis h e d  som e p ra c t ic a l  re s u lts  f r o m  ch a p te rs  3 and 4 
a g a in s t th e  th e o ry  a s s e rte d  on th e  im p a c t and p ro b le m  o f new te c h n o ­
lo g y  on m a n u fa c tu r in g  in d u s try ,  c h a p te r 5 opens the  re s e a rc h  to  a 
w id e r  g e o g ra p h ic  sp h e re  b y  s tu d y in g  a m u lt in a t io n a l o rg a n is a tio n  o f 
23 in d iv id u a l m a n u fa c tu r in g  p la n ts  lo c a te d  in  d if fe re n t  s ite s  a round  
the  w o r ld .  T h e  fra m e  o f re fe re n c e  re m a in s  th e  sam e in  th is  re s e a rc h  
o f s e v e ra l p la n ts  as i t  w as f o r  the  s in g le  m a n u fa c tu r in g  p la n t, in  th a t 
th e  m o d e l o f th e  e n te rp r is e  is  re s e a rc h e d  fo r  im p a c t and p ro b le m s  on 
each o f th e  s ix  m a jo r  fa c to rs  p re v io u s ly  id e n tif ie d . T h e  essence o f 
the  re s u lts  ob ta ined  f r o m  the  m u lt in a t io n a l s tu d y  is  th e  e m ergen ce  o f 
d if fe re n c e s  and s im i la r i t ie s  of e ffe c ts  on o rg a n is a tio n  s tru c tu re s ,  and 
in  p a r t ic u la r ,  b e h a v io u ra l changes in  in te r -g ro u p  and in te r -p e rs o n a l 
re la t io n s h ip s  as a c o m p a r is o n  to  the  s in g le  m a n u fa c tu r in g  p la n t 
s tu d ie s .
C h a p te r 5 in tro d u c e s  a fu r th e r  aspect to  th e  re s e a rc h  by d ra w in g  a
c o m p a r is o n  be tw een  A m e r ic a n  and non A m e r ic a n  based  m a n u fa c tu r in g  
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p la n ts  on the  fa c to rs  o f th is  re s e a rc h . T h is  a n a ly s is  a tte m p ts  to  
d is c e rn  th a t w ith  a g ive n  s im i la r  te c h n o lo g ic a l base  s tru c tu re ,  does 
the  advent o f new te c h n o lo g y  have any d if fe re n t  e ffe c t on th e  e n te r ­
p r is e ,  due to  n a t io n a lity  o r  o th e r  d if fe re n c e s . In  o th e r  w o rd s , does 
th e  s ta te d  th e o ry  th a t new te c h n o lo g y  w i l l  have an im p a c t on the 
e n te rp r is e  h o ld  good f o r  any m a n u fa c tu r in g  p la n t in  the  in d u s t r ia l  
w o rld ?
T h e  re s u lts  o f a la rg e  f ie ld  s tu d y  o f m a n u fa c tu r in g  p la n ts  in  E u ro p e  
and A m e r ic a  a re  p re se n te d  in  ch a p te rs  6 and 7, T h is  f ie ld  s u rv e y  
was des igned  to  in v e s t ig a te  f i r m s  u s in g  new m e a s u r in g  m a ch in e  te c h ­
n o lo g y  and f i r m s  not u s in g  th is  typ e  o f te ch n o lo g y . T h e  o b je c tiv e  o f 
th is  a p p ro a ch  was f i r s t l y  an a tte m p t to  d is c o v e r  p a r t ic u la r  d if fe re n c e s  
be tw een  th e se  u s e r and n o n -u s e r f i r m s  in  te rm s  o f o rg a n is a tio n , 
m anagem ent and b u s in e ss  s tra te g ie s , and se co n d ly  to  ana lyse  th e  
u s e r f i r m s  f o r  th e  o v e ra l l  e ffe c ts  o f new m e a s u r in g  m a ch in e  te ch n o ­
lo g y  on each o f th e  s ix  fa c to rs  co n ta ined  in  th e  m o d e l o f th e  e n te rp r is e . 
C h a p te r 6 th e re fo re  re s e a rc h e s  a l l  o f the  f i r m s  in  th e  f ie ld  s tu d y  and 
goes in to  som e d e ta il on o rg a n is a tio n  s tru c tu re  to  a s c e r ta in  d i f f e r ­
ences in  the  fo l lo w in g : -
1. D iv is io n  o f la b o u r  th ro u g h  the  use o f s p e c if ic  p o s it io n  t i t le s  f r o m  
one o rg a n is a tio n  to  a n o th e r.
2. H ie ra rc h y  o f le v e ls  and span o f c o n tro l w ith in  the  s tru c tu re  o f 
th e  p y ra m id .
3. M a n p o w e r ra t io s  c o m p a rin g  v a r io u s  e m p loyee  p a y r o l l  n u m be rs  
a g a in s t a da tum  o f c r a f t  in s p e c to rs .
C h a p te r 6 fu r th e r  re s e a rc h e s  typ es  o f p ro d u c tio n  used b y  the  f i r m s  in  
the  f ie ld  s u rv e y  in  an a tte m p t to  d is c o v e r  i f  th e re  is  any s ig n if ic a n c e  
w ith  p ro d u c tio n  typ e  and te c h n o lo g y  e m p loyed . T w o  o th e r s p e c if ic  
a im s  o f c h a p te r 6 a re  co n ce rn e d  w ith  the c o m p a r is o n  o f f i r m s  u s in g  
and not u s in g  new  m e a s u r in g  m a ch in e  te ch n o lo g y , in  te rm s  o f m a jo r  
te c h n ic a l changes m ade in  these  f i r m s  o v e r th e  la s t  tw o  y e a rs  and 
the  co n se q u e n tia l e ffe c ts  o f these  m a jo r  te c h n ic a l changes on the  
e s ta b lis h e d  p ro d u c tio n  s y s te m . B a s ic a lly  th is  a n a ly s is  se ts  out to  
/... -20-
d e te rm in e  i f  f i r m s  w h ic h  a re  c u r re n t ly  u s in g  new  m e a s u r in g  m a ch ine  
te ch n o lo g y  a re  te c h n ic a lly  m o re  p ro g re s s iv e  th a n  f i r m s  no t us in g  
new m e a s u r in g  m a ch in e  te ch n o lo g y , and i f  th is  is  so, in  w ha t w ay a re  
th e y  m o re  p ro g re s s iv e ?  T h e  p e n u lt im a te  c h a p te r 7 co m p le te s  the  
in v e s t ig a t io n  and re s e a rc h  o f th e  f ie ld  s tu d y  b y  a s tu d y  o f those  f i r m s  
w h ic h  a re  u s in g  new  m e a s u r in g  m a ch in e  te ch n o lo g y . T h is  s e c tio n  o f 
th e  th e s is  d e ta ils  th e  s p e c if ic  te ch n o lo g y  used b y  th e se  f i r m s  and th e n  
a tte m p ts  to  show the  re p o r te d  e ffe c ts  o f th is  te ch n o lo g y  on a l l  o f the  
a fo re m e n tio n e d  fa c to rs  o f th e  e n te rp r is e .  B o th  c h a p te rs  6 and 7 a re  
aga in  conc luded  w ith  a b r ie f  s u m m a ris e d  o b se rve d  e ffe c ts  o f new 
te ch n o lo g y  on the  e n te rp r is e . — -
T h e  f in a l  c h a p te r o f th is  re s e a rc h  th e s is  is  a b r ie f  s u m m a ry  o f the  
o v e ra l l  re s e a rc h , a rg u m e n ts  and co n c lu s io n s  as d e s c r ib e d  in  
ch a p te rs  2 to  7. A n  a tte m p t is  m ade in  th is  c h a p te r 8 to  eva lu a te  the  
success  o f th is  re s e a rc h  in  m e e tin g  i ts  s ta te d  o b je c tiv e s , th a t is ,  in  
in v e s t ig a t in g  the  p ro b le m s  a sso c ia te d  w ith  the  in t ro d u c t io n  o f s p e c if ic  
new te c h n o lo g y  in to  m a n u fa c tu r in g  in d u s try  and in  the  d e r iv in g  and 
e v a lu a tio n  o f c o n s tru c t iv e  c o n c lu s io n s  f r o m  th e se  in v e s t ig a tio n s  w h ich  
w ou ld  be o f a sound c o n tr ib u t io n  to  m a n u fa c tu r in g  in d u s try .
T h e  append ices to  th is  re s e a rc h  th e s is  c o n ta in  im p o r ta n t s u p p o rtiv e  
m a te r ia l  w h ic h  is  des igned  to  re la te  to  each c h a p te r th ro u g h o u t the  
re s e a rc h . A p p e n d ix  A  d e ta ils  the  co n c e rn  show n b y  v a r io u s  e s ta b li­
shed a u th o r it ie s  w ith in  B r i t a in  on the  w ho le  q u e s tio n  o f h a rn e s s in g , 
u t i l is in g  and o rg a n is in g  o f new te ch n o lo g y . A p p e n d ice s  B  to  D 
p re s e n t b a ckg ro u n d  in fo rm a t io n  on the  new m e a s u r in g  m a ch in e  te c h ­
n o log y  in c lu d in g  a d e ta ile d  te c h n ic a l s u rv e y  b y  th e  a u th o r, on the  
w o r ld w id e  s o u rc e  o f c o -o rd in a te  m e a s u r in g  m a ch in e s , w h ich  w as 
p a r t  o f th e  o r ig in s  o f th is  re s e a rc h . C h a p te r 3 has s u p p o rtiv e  
m a te r ia l  in  append ices E and F  w h ich  co n ta in  an in te re s t in g  e x tra c t 
f r o m  a p u b lic a t io n  on th e  a tt itu d e  o f the  T ra d e  U n io n  C on g re ss  to  the  
q u e s tio n  o f n e g o tia tio n  o f new te ch n o lo g y  a g re e m e n ts  w ith  f i r m s .  
A p p e n d ix  F  co n ta in s  a copy o f the  fo rm a t used b y  one f i r m  fo r  the  
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c a lc u la t io n  o f r e tu r n  on in v e s tm e n t a n a ly s is , w h ic h  is  an im p o r ta n t 
fe a tu re  o f th e  d is c u s s io n  and f in d in g s  f r o m  c h a p te r 3. T h e  re s e a rc h  
o f th e  s in g le  m a n u fa c tu r in g  p la n t in  c h a p te r 4 has append ices G to  L  
c o v e r in g  d e ta ils  o f the  r e tu r n  on in v e s tm e n t a n a ly s is  m ade f o r  the  
a c q u is it io n  o f the  c o -o rd in a te d  m e a s u r in g  m a ch in e s , re s u lts  ob ta ined  
f r o m  an e x p e r im e n t to  m e a su re  th e  e ffe c tiv e n e s s  o f the  new te ch n o ­
lo g y , and f in a l ly ,  a d e s c r ip t io n  o f how  the  a tt itu d e  s tu d y  was des igned  
and launched  w ith in  the  s in g le  m a n u fa c tu r in g  p la n t. T h e  s tu d y  o f the  
m u lt in a t io n a l o rg a n is a tio n  as d e ta ile d  in  c h a p te r 5, is  su p p o rte d  b y  
append ices M  to  Q . T h is  m a te r ia l  c o v e rs  fo u r  s p e c if ic  fe a tu re s  con ­
ce rn e d  w ith  th e  re s e a rc h  n a m e ly , th e  re s e a rc h  d e s ig n  fo r . th e .m u lt i ­
n a tio n a l p la n ts , the  t r ip a r t i t e  q u e s tio n n a ire  used as a re s e a rc h  
v e h ic le , a b a s ic  h is to r y  o f th e  m u lt in a t io n a l,  and th e  o v e ra l l  re s u lts  
ob ta ined  f r o m  th e  q u e s t io n n a ire .
C h a p te r 6 is  co n ce rn e d  w ith  th e  m a jo r  f ie ld  s u rv e y  o f f i r m s  u s in g  and 
no t u s in g  m e a s u r in g  m a ch in e  te ch n o lo g y , the  append ices R to  U c o v e r 
th e  q u e s t io n n a ire  used in  th e  s u rv e y , the  o v e ra l l  re s u lts  ob ta ined  and 
th e  d e ta ile d  ta b le s  on m an p o w e r ra t io s  on f i r m s  show n b y  v a r io u s  
b u s in e ss  a c t iv it ie s  and b y  e m p loye e  s iz e  o f f i r m .  C op ies  o f 18 
s p e c if ic  o rg a n is a t io n  c h a r ts  a re  a ls o  con ta ined  in  th e se  append ices , 
as s u p p o rtiv e  ev ide nce  to  th e  d e ta ils  shown in  the  te x t o f c h a p te r 6.
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1 .6  -  P R IO R  R E S E A R C H  A N D  L IT E R A T U R E  R E V IE W .
A s  p re v io u s ly  s ta te d  In  th is  in t ro d u c to ry  c h a p te r, th e re  has been 
l im i te d  p r io r  re s e a rc h  on the  in tro d u c t io n  o f new te ch n o lo g y  in to  
m a n u fa c tu r in g  in d u s try .  T h e re  has a lm o s t c e r ta in ly  been no p r io r  
re s e a rc h  on th e  s p e c if ic  im p a c t o r  p ro b le m  o f new m e a s u r in g  m a ch in e  
te ch n o lo g y  in to  m a n u fa c tu r in g  in d u s try  hence one o f the  needs fo r  th is  
re s e a rc h  p ro je c t .  H o w e ve r, on the  know n re s e a rc h  on o th e r new 
te c h n o lo g ie s , N . S w ords Is h e rw o o d  and P . S enker o f the  U n iv e rs ity  
o f Sussex (13) show ed in  a s tu d y  conducted  in  1978 o f the  S o c ia l 
Im p lic a t io n s  o f A u to m a te d  S m a ll B a tch  P ro d u c t io n  on b e h a lf o f the  
D e p a rtm e n t o f In d u s try ,  th a t th e  in c re a s e  in  new  te ch n o lo g y , such as 
n u m e r ic a l c o n tro lle d  (N . C, ) m a ch in e  to o ls  in  m a ch in e  shops in  
B r i ta in ,  had re s u lte d  in  s u b s ta n tia l in c re a s e s  in  p ro d u c tio n  o v e r th e  
la s t  7 to  8 y e a rs  w ith  no c o rre s p o n d in g  in c re a s e  in  e m p lo ym e n t, bu t 
th e y  a rg u e  in  th e i r  re p o r t  th a t th e re  was l i t t l e  o r  no re s is ta n c e  to  the  
new N. C , , m a ch in e , due to  no re d un d a ncy  p ledges and e a r ly  con ­
s u lta t io n  w ith  t ra d e  un ion  o f f ic ia ls .
T h is  re s e a rc h , w h ile  a g re e in g  w ith  th e  s h if t  in  e m p lo y m e n t f in d in g s , 
re fu te s  th e  above a rg u m e n ts  and shows th a t tw o  se p a ra te  issue s  con ­
t r o l  the  de g re e  o f re s is ta n c e  to  th e  in tro d u c t io n  o f th e  new N . C . , 
m a ch in e  to o ls : 1. T h e  re c o g n it io n  b y  p la n t le v e l t ra d e  un ion
o f f ic ia ls  th a t the  con tinuo us  in v e s tm e n t in  new te c h n o lo g ie s  such  as 
N . C . , m a ch in e  to o ls  is  p a ra m o u n t to  the lo n g  te r m  s u rv iv a l  o f the  
p la n t, d e sp ite  th e  s h o r t te r m  e ffe c ts  o f e m p loyee  d is p la c e m e n t, and
2. T h e  s e lf  in te re s t  o f the  in d iv id u a l shop f lo o r  b lu e  c o l la r  em p loyee  
coup led  w ith  the  e v o lu t io n a ry  n a tu re  o f N. C . , m a ch in e  to o l in t ro d u c t­
io n  re s u lts  in  m in im u m  re s is ta n c e .
A b b o t (14) in  a s tu d y  o f 9 e n g in e e rin g  f i r m s  p u b lis h e d  in  1978, 
showed th a t in  re la t io n s h ip  to  te c h n o lo g ic a l change, p ro fe s s io n a l and 
w h ite  c o l la r  s ta f f  em p lo ye es  had c o n s id e ra b ly  in c re a s e d  as a p ro ­
p o r t io n  o f th e  to ta l la b o u r  fo rc e .  T h is  re s e a rc h  w ou ld  a rg ue  th a t, 
w h ile  p ro fe s s io n a l and w h ite  c o l la r  s ta f f  em p loyees  a re  undoub ted ly
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in c re a s in g  in  th e ir  p o w e r and in flu e n c e  due to  th e  in tro d u c t io n  o f new 
te c h n o lo g ie s , th e se  un ions a re  not n e c e s s a r ily  in c re a s in g  in  n u m b e rs , 
as a re la t io n s h ip  to  to ta l e m p lo ye e s . I f  a n y th in g  th e i r  n u m b e rs  a re  
re d u c in g  w ith  th e  in c re a s in g  e ffe c tiv e n e s s  and e ff ic ie r ic ie s  o f new 
te ch n o lo g ie s  in  b o th  fa c to ry  and o ff ic e  fu n c tio n s .
One o f th e  s u b o rd in a te  o b je c tiv e s  o f th is  re s e a rc h  is -c o n c e rn e d  w ith  
how  new te c h n o lo g ie s  s ta r t  in  a f i r m .  L a n g r is h  and a sso c ia te s  (15) 
m ade a s tu d y  o f 84 f i r m s  who ga ined  a Q ueen’ s A w a rd  fo r  te ch n o ­
lo g ic a l in n o v a tio n  and conc luded  th a t new te ch n o lo g y  cam e m a in ly  
f r o m  o th e r e x is t in g  te c h n o lo g ie s  w ith in  the  o rg a n is a tio n  and id e n t if ie d  
som e o f th e  m a jo r  causes fo r  d e la y  in  g e ttin g  the  new  te ch n o lo g y  
un de rw a y , such  as, w a it in g  on o th e r ye t to  be d is c o v e re d  te c h n o ­
lo g ie s , in s u f f ic ie n t  m a rk e t dem and, sh o rta g e  o f c a p ita l o r  m a n po w e r 
s k i l ls ,  la c k  o f re c o g n it io n  b y  m anagem ent and p o o r c o -o p e ra t io n  o r  
c o m m u n ic a tio n . T h is  re s e a rc h  shows th a t m a n a g e m e n t's  re lu c ta n c e  
to  accep t th e  re s p o n s ib il i t ie s  o f new te ch n o lo g y  had a la rg e  degree  o f 
re la t io n s h ip  to  the  speed and success  to  w h ic h  new te ch n o lo g y  cou ld  
be  im p le m e n te d  in to  th e  f i r m ,  M y e rs  (16) in  a s tu d y  in  A m e r ic a  
suggested  th a t p e rs o n a l e x p e rie n c e  and p e rs o n a l co n ta c ts  w e re  one o f 
the  p r in c ip a l  so u rce s  o f in fo rm a t io n  fo r  s u c c e s s fu l change in  te c h n o ­
lo g y . T h is  re s e a rc h  d is a g re e s  w ith  M y e rs  and show s th a t f r o m  a 
v e ry  la rg e  f ie ld  s tu d y , the  in d iv id u a l m a n a g e r m o s t fa v o u ra b le  
to w a rd s  th e  new te ch n o lo g y  tended  to  have lo n g  com p any  s e rv ic e  and 
was not m o v in g  f r o m  one p la n t to  a n o th e r in  s h o r t te r m  a s s ig n m e n ts .
O rg a n is a tio n  s tru c tu re s  a re  d iscu sse d  in  s e v e ra l ch a p te rs  o f th is  r e ­
s e a rc h  p ro je c t .  B u rn s  and S ta lk e r  (17) in  th e ir  s tu d y  o f the  m anage ­
m en t o f in n o v a tio n  d is t in g u is h  tw o  b ro a d  p o la r  typ e s  o f in d u s t r ia l  
o rg a n is a tio n , m e c h a n is t ic  and o rg a n ic , and th a t one was m uch  m o re  
adap tab le  to  new  te ch n o lo g y  o r  in n o v a tio n  th a n  th e  o th e r . W h ile  th is  
p a r t ic u la r  th e m e  is  beyond the  s p e c if ic  te rm s  o f re fe re n c e , i t  is  
shown in  th is  re s e a rc h  th a t in  a m u lt in a t io n a l o r  indeed  a m u lt ip la n t 
e n te rp r is e , th e  concep t o f o rg a n ic  and m e c h a n is t ic  s tru c tu re s  
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becom e c o m p le x  and d if f ic u lt  to  d is c e rn , in  th a t c e n tra lis e d  s e rv ic e s  
o fte n  co n ce a l th e  a p pa re n t o m is s io n  o f p a r t ic u la r  s ty le s  o f h ie r ­
a rc h ie s , d iv is io n s  o f la b o u r  and spans o f c o n tro l.  J a s in s k i (18) 
m akes an in te re s t in g  o b s e rv a tio n  in  h is  p a p e r ’ ’A d a p tin g  O rg a n is a tio n s
i
to  New T e c h n o lo g y ”  su g ge s tin g  som e a lte rn a t iv e  m e th o ds  fo r  in te ­
g ra t io n  be tw een  te ch n o lo g y  and o rg a n is a tio n . T h is  re s e a rc h  tends to  
a g re e  w ith  h is  t h i r d  a lte rn a t iv e , th a t f i r m s  w i l l  se t up m e ch a n ism s  
to  re d u ce  o r  m in im is e  d is ru p t io n , r a th e r  th a n  a tte m p t to  change th e  
o rg a n is a tio n  o r  the  new te c h n o lo g y  i t s e l f  w ith in  the  f i r m .  A  m e ch an ­
is m  in  th is  re s e a rc h  is  id e n t if ie d  fo r  exa m p le  as a s ta f f  c o -o rd in a to r  
such as a N. C . , p ro g ra m m e r  who w ou ld  be a ss ig n e d  as a typ e  o f 
l ia is o n  be tw een  th e  p la n n e rs  and the  u se rs  o f th e  te ch n o lo g y  w ith in  
th e  f i r m .
On th e  s u b je c t o f te ch n o lo g y  and th e  s tru c tu re  o f m anagem ent, the  
la te  Joan W o o d w a rd  o f Im p e r ia l  C o lle g e , Lond o n  (19), is  p ro b a b ly  th e  
b e s t know n and m o s t in f lu e n c ia l p ro po n e n t o f th e  th e s is  th a t c o n tra ry  
to  m uch  o f c la s s ic a l o rg a n is a tio n  th e o ry , th e  m anagem ent s t ru c tu re  
m o s t a p p ro p r ia te  to  a f i r m ’ s re q u ire m e n ts  la rg e ly  depends on i t s  
te ch n o lo g y . W h ile  m uch  o f W o o d w a rd ’ s w o rk  w as co n ce rn e d  w ith  te c h ­
n o lo g y  w ith in  th e  f i r m  and no t w ith  new te c h n o lo g y  e n te r in g  the  f i r m ,  
som e o f h e r  w o rk  w i l l  be used as a c o m p a ra tiv e  da tu m  to  the  n a tu re  
o f th e  new te ch n o lo g y  re s e a rc h e d  in  th is  s tu d y .
C o n tra ry  to  o b s e rv a tio n s  m ade b y  A n d e rm a n  (20) in  h is  s tu d y  e n tit le d  
"T ra d e  U n ions  and T e c h n o lo g ic a l C hange” , th e  o p e ra to rs  ass igned  to  
new te c h n o lo g ie s  s tu d ie d  and o b se rve d  in  th is  re s e a rc h , d id  not s u f fe r  
d e c rea se d  job  s a t is fa c t io n  n o r  lo w e r  s ta tu s  w ith in  th e  f i r m .  H o w e ve r 
one d is t in c t  asp ec t o f th is  re s e a rc h , w h ich  m a y  m ake  i t  un ique f r o m  
o th e r f in d in g s , is  th e  fa c t th a t th e  b lue  c o l la r  w o rk e rs  unde r s tu d y  a re  
c ra f t  o r  t im e -s e rv e d  e n g in e e rs . A l l  o f the  case s tu d ie s  re la te d  to  
th is  th e s is  w h e re  jo b  s a t is fa c t io n  a n d /o r  s ta tu s  was b e in g  re s e a rc h e d , 
showed q u ite  c o n c lu s iv e ly  th a t, w h ile  the  fo r m e r  d id  not in c re a s e , 
th a t is  m o re  s a t is fa c t io n , i t  c e r ta in ly  d id  not d e c re a se . S tatus am ong 
th e  N . C . , m a ch in e  to o l m a c h in is ts  was o b se rve d  to  in c re a s e  at th e  
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e a r ly  s tages o f u s in g  th e  equ ipm en t bu t i t  w as c o n s id e re d  th a t th is  
m a y  have been  a te m p o ra ry  phenom enon due to  th e  am oun t o f a tte n ­
t io n  w h ic h  w as g iv e n  to  the  equ ipm e n t b y  a l l  le v e ls  o f em p loyees  and 
b y  v is i t o r s  who w e re  p u rp o s e ly  show n the  m a ch in e s  as p a r t  o f th e ir  
to u r  o f the  p la n t. F u r th e r  to  th is ,  and as w i l l  be show n in  c h a p te r 4, 
th e  c ra f t  in s p e c to rs  a ss igned  to  th e  new m e a s u r in g  m a ch in e s  c la im e d  
th a t th e i r  s ta tu s  had im p ro v e d . One p a r t ic u la r  g ro u p  o f e m p loyees 
b e in g  a ffe c te d  b y  chang ing  te ch n o lo g y  is  th a t o f th e  f i r s t  l in e  s u p e r­
v is o r ,  A m o n g  the  p ro b le m s  a s so c ia te d  w ith  th is  g ro u p  a re , 1. T h e  
in c re a s in g  dem and on th e i r  te c h n ic a l s k i l ls  f r o m  new te ch n o lo g y  w h ich  
th e y  w e re  n e v e r t ra in e d  to  u n d e rs ta n d  and 2. -T he  a d m in is tra t iv e  and 
w o rk  sc h e d u lin g  d u tie s  now b e in g  hand led  b y  th e  c o m p u te r , L u n d g re n  
(21) o b se rve d  in  a s tu d y  o f 7 A m e r ic a n  co m p an ie s , th a t the  fo re m a n  
appe a red  to  have lo s t  s ta tu s  in  te rm s  o f fe w e r  re s p o n s ib le  d u tie s  
p e r fo rm e d  and to  have ga ined  s ta tu s  o n ly  in  the  sense o f b e in g  
a ss o c ia te d  w ith  a d ra m a t ic a l ly  new m a n u fa c tu r in g  te ch n iq u e , a ga in  
in  s ta tu s  th a t w ou ld  la s t  o n ly  as lo n g  as the  n o v e lty  o f th e  equ ipm en t. 
T h e  f in d in g s  in  th is  re s e a rc h  th e s is  a g re e  w ith  L u n d g re n  and fu r th e r  
o b se rve s  th a t th e  ro le  o f the  fo re m a n  o r  f i r s t  l in e  s u p e rv is o r  is  
s lo w ly  b e in g  re d u ce d  to  one o f m an m anagem ent.
B h a tta c h a ry y a  (22) in  h is  s tu d y  o f th e  P e n e tra t io n  and U t i l is a t io n  o f 
N . C . , m a ch in e  to o ls  in  B r i t is h  In d u s try  1976, found  th a t t ra d e  un ion  
m e m b e rs  a t p la n t le v e l w e re  o fte n  m is le d  about th e  w ho le  im p lic a t io n s  
o f N. C . , te c h n o lo g y  b e fo re  i t  a r r iv e d .  T h e se  m is c o n c e p tio n s  w e re  
o fte n  c re a te d  b y  o v e r zea lous  sa le s  l i t e r a tu r e  f r o m  N . C . , equ ipm en t 
s u p p lie rs  w ith  s ta te m e n ts  re la te d  to  re d u c in g  o p e ra to r  cos ts  and no 
m o re  p ro b le m s  w ith  th e  shop f lo o r .  I t  is  pe rhap s  f o r  th is  re a s o n th a t 
th is  re s e a rc h  a rg ue s  a case fo r  m in im u m  c o m m u n ic a tio n  to  tra d e  
un ions and b lu e  c o l la r  shop f lo o r  em p loyee s  on the  fu tu re  p lans  fo r  
a c q u ir in g  new te c h n o lo g ie s  o f any ty p e . T h is  s tu d y  d e m o n s tra te s  b y  
re p o r t in g  s e v e ra l case s tu d ie s  w h e re  advanced c o m m u n ic a tio n s  have 
re s u lte d  in  d is ru p t io n  o fte n  p r io r  to  the  a r r iv a l  o f th e  te ch n o lo g y , 
w h ile  o th e r  case s tu d ie s  in d ic a te  th a t m in im u m  c o m m u n ic a tio n  r e s u lt ­
ed in  m in im u m  d is ru p t io n . C o n tra s t in g  th is  w as th e  f in d in g s  o f
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E t t l ie  (23) in  a s tu d y  o f 10 f i r m s  in  the  m id  w es t s ta te s  o f A m e r ic a ,  
suggested  th a t th e re  was a c o r re la t io n  be tw een  e a r ly  in v o lv e m e n t w ith  
tra d e  un ions on the  new  te ch n o lo g y  and th e  la te r  success  w ith  u t i l is a ­
t io n  o f th e  e q u ip m e n t. T h is  re s e a rc h  w ou ld  re fu te  th is  above f in d in g  
b y  E t t l ie  and show s th a t th e re  a re  m a n y  o th e r fa c to rs  w h ic h  d e te rm in e  
s u c c e s s fu l u t i l is a t io n  o f new te ch n o lo g y  to  nam e m a n n in g , wage and 
g ra d e  s y s te m s , t ra in in g ,  m a in ten a n ce  and o th e rs , w h ic h  w ou ld  be o f 
h ig h e r  p r io r i t y  th a n  e a r ly  in v o lv e m e n t o f tra d e  u n io n s . H o w e ve r 
th e re  is  one o th e r  im p o r ta n t fa c to r  o f d if fe re n c e  and th is  is  re la te d  to  
the  d if fe re n c e  be tw een  th e  a tt itu d e s  and needs o f B r i t i s h  and A m e r ic a n  
tra d e  u n ions , P e r l in e  and T u l l  (24) o b se rve d  in  a n o th e r A m e r ic a n  
s tu d y  th a t un ions w e re  fa c in g  a m a jo r  d ile m m a  w ith  th e  in c re a s in g  
de g re e  o f shop f lo o r  advanced te ch n o lo g y  due to  th e  lo s s  o f s k i l le d  and 
u n s k il le d  m e m b e rs h ip , w h ich  in  tu rn  w eakened th e  u n ion  b a rg a in in g  
p o w e r and re d u ce d  i ts  f in a n c ia l s u p p o rt. T h is  s tu d y  suggests  th a t the  
d ile m m a  in  B r i t a in  is  even m o re  co m p le x  w ith  th e  n u m b e r o f d if fe re n t  
un ions and th e  p o s s ib le  s h if t  in  e m p lo ym e n t re s u lt in g  in  m e m b e rs  o f 
b lu e  c o l la r  un ions m o v in g  to  w h ite  c o l la r  ta sks  as a d ir e c t  r e s u lt  o f 
new te ch n o lo g y .
T h e  f i r s t  tra d e  un ion  in  B r i t a in  to  m ake  som e c o n s tru c t iv e  re c o g n it io n  
o f th e  consequences o f new te c h n o lo g y  is  the  A s s o c ia t io n  o f P ro fe s s io n ­
a l E x e c u tiv e , C le r ic a l  and C o m p u te r S ta ffs  (A P E X ). T h e y  p u b lis h e d  a 
v e ry  d e ta ile d  gu ide  e n tit le d  "O ff ic e  T e ch n o lo g y  -  T h e  T ra d e  U n io n  
R espon se " f o r  th e  b e n e fit o f th e i r  o f f ic e rs  a t p la n t le v e l,  in  o rd e r  th a t 
th e y  o b ta in  th e  b e s t n e g o tia tin g  s tra te g ie s  p o s s ib le  w ith  re s p e c t to  any 
new o ff ic e  te ch n o lo g y , w h ic h  co u ld  d ir e c t ly  a ffe c t th e  e m p lo ym e n t o f 
th e i r  m e m b e rs . T h e  c le a r  in s t ru c t io n  g iven  in  th is  gu ide  is  fo r  
n e g o tia tio n  to  encou rage  the  p ro g re s s  o f advanced te c h n o lo g ie s  and 
th is  is  the  p o lic y  to  w h ich  the  A P E X  tra d e  un ion  w ou ld  encourage  a l l  
o th e r  un ions to  adopt. T h is  re s e a rc h  a rgues  a case fo r  the  in v o lv e m e n t 
o f t ra d e  un ions on th e  w ho le  q u e s tio n  o f new te ch n o lo g y , ev idence  f ro m  
th is  and o th e r p r io r  re s e a rc h  w ou ld  show th a t l i t t l e  p ro g re s s  w i l l  be 
m ade w ith o u t in v o lv e m e n t o f tra d e  un ions . W h e re  th is  re s e a rc h  w i l l  
d i f f e r  f r o m  o th e r re s e a rc h  is  in  the  t im in g  and m a n n e r w h ich  is  b e s t 
!... -2 7 -
used fo r  th is  in v o lv e m e n t. T h e  w o rk  o f L e o n a rd  S ayles (27) is  in t e r ­
e s tin g  as i t  f in d s  som e c o r re la t io n  w ith  the  re s u lts  o f th is  s tu d y . Sayles 
id e n t if ie d  4 b e h a v io u ra l p a tte rn s  o b se rve d  in  w o rk in g  g ro u p s  n a m e ly , 
a p a th e tic , s tra te g ic ,  e r r a t ic  and c o n s e rv a tiv e . T w o  o f the se  g roups 
n a m e ly , s t ra te g ic  and c o n s e rv a tiv e , a re  as de fine d  b y  S ayles a p p lic a b le  
to  th is  re s e a rc h  and can be id e n t if ie d  in  the  case s tu d ie s  d iscu sse d .
On th e  s u b je c t o f o rg a n is a tio n  s t ru c tu re  L u n d g re n  (21) found in  h is  
s tu d y  o f 7 com pan ies  in  th e  m id  w e s t o f A m e r ic a ,  th a t changes had 
been n e c e s s a ry  due to  th e  im p a c t o f n u m e r ic a l c o n tro l m a ch in e  to o l 
te ch n o lo g y . T h e se  changes showed th a t a m o d u la r  typ e  s tru c tu re  as a 
m eans to  a s s u re  an e ff ic ie n t  o p e ra tio n  had been in c o rp o ra te d  as a c o m ­
ponent o f a la r g e r  m a n u fa c tu r in g  s y s te m . C happ ie  and Sayles (28) a ls o  
advoca ted  th e  d e s ig n  o f a s tru c tu re  f r o m  th e  b o tto m  up, b a s in g  the  
o rg a n is a tio n  on th e  a c tu a l w o rk  f lo w  and s u p e r im p o s in g  s t ru c tu re  on a 
know n te c h n o lo g y . T h is  re s e a rc h  a rgues  a d if fe re n t  a p p ro a ch  to  o rg a n ­
is a t io n  s t ru c tu re  as in te r re la te d  to  new te ch n o lo g y . P re v io u s  re s e a rc h  
in d ic a te s  th a t s p e c if ic  s t ru c tu re s  shou ld  be se t up to  a cco m m o d a te  th e  
te ch n o lo g y  b u t the se  p r io r  re s e a rc h  fin d in g s  do not a p p e a r to  re c o g n ­
is e  th a t in  th e  m a jo r i ty  o f m a n u fa c tu r in g  f i r m s ,  new te c h n o lo g ie s  te nd  
to  be in te g ra te d  in to  e x is t in g  te ch n o lo g y  w ith in  the  g iv e n  m a ch in e  shop 
o r  fa c to ry .  T h e  e x is t in g  s tru c tu re  and c o n tro l s y s te m s  a b so rb  i t ,  th e re  
is  no need f o r  a s p e c ia l m anagem ent o r  indeed o p e ra to r  s t ru c tu re ,  
W il l ia m s  and W il l ia m s  (29) in  a re s e a rc h  p a p e r on the  p o s s ib le  con ­
sequences o f new N. C , , te ch n o lo g y  on the  o rg a n is a t io n  s t ru c tu re  p e r ­
ce ive d  2 m a jo r  im p lic a t io n s  fo r  th e  w o rk  fo rc e . T h e se  w e re : 1. 
H o r iz o n ta l e ffe c ts  r e s u lt in g  f r o m  p re s s u re s  w h ic h  re q u ire  g re a te r  and 
m o re  e ffe c t iv e  in te rp e rs o n n e l re la t io n s h ip s  and 2. V e r t ic a l  e ffe c ts  
w h ic h  w o u ld  r e s u lt  in  th e  need to  ap po in t in d iv id u a ls  p o sse ss in g  h ig h  
le v e ls  o f te c h n ic a l know ledge  to  s p e c if ic  d u ties  and re s p o n s ib il i t ie s  
w ith in  th e  s t ru c tu re .
On the  ke y  q u e s tio n  o f o b ta in in g  a re tu rn  on in v e s tm e n t (RO I) f o r  new 
te c h n o lo g ie s  a c q u ire d  b y  th e  m a n u fa c tu r in g  f i r m ,  s e v e ra l o f the  a fo re ­
m e n tio n e d  re s e a rc h e rs  have m ade c o n tr ib u t io n s . B h a tta c h a ry y a  (22)
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in  h is  s tu d y  on th e  p e n e tra t io n  o f N . C . , m a ch in e  to o ls  showed th a t 
o n ly  5 p e rc e n t o f th e  f i r m s  w e re  o b ta in in g  60 p e rc e n t o r  m o re  u t i l i s a ­
t io n  ra te s . H ugg ins  (31) in  a n o th e r B r i t is h  s tu d y  fou nd  th a t s p e c if ic  
re a son s  w e re  g ive n  fo r  the  fa i lu r e  to  re a lis e  R O I th e se  ra nge d  f ro m  
in a c c u ra te  c a lc u la t io n s  o f ove rhe ads  to  la c k  o f te a m w o rk  in  th e  f i r m .  
E t t l ie  (23) in  h is  A m e r ic a n  s tu d y  id e n t if ie d  s p e c if ic  fa c to rs  w h ic h  
in d ic a te d  s u c c e s s fu l u t i l is a t io n  o f N . C . , te ch n o lo g y  in  a f i r m  and thus  
m a x im is e d  An R O I. A l l  o f the se  s tu d ie s  and f in d in g s  w i l l  be ch a lle ng e d  
and co m p a re d  a g a in s t th e  re s u lts  o f th is  re s e a rc h  w ith  re s p e c t to  
r e tu r n  on in v e s tm e n t.
One o f the  m o s t re c e n t ly  p u b lic is e d  c o n f l ic ts  c o n c e rn in g  new te c h n o ­
lo g y  has been  th e  d ile m m a  c o n c e rn in g  th e  T im e s  N ew sp a pe r w h e re  
re v o lu t io n a ry  changes in  p r in t in g  m a in ly  th ro u g h  w o rd  p ro c e s s in g  
te c h n o lo g ie s  w o u ld  d is p la c e  a s u b s ta n tia l n u m b e r o f b lu e  c o l la r  p r in te r s  
(32). T h is  c o n f l ic t  is  o n ly  r e fe r r e d  to  in  th is  re s e a rc h  due to  i t s  r e ­
la t io n s h ip  w ith  th e  le s s  d ra m a t ic  bu t in e v ita b le  in te g ra t io n  o f c e r ta in  
ta s k s  in  m a n u fa c tu r in g  in d u s try .  T h is  re s e a rc h  w i l l  in v e s t ig a te  th e  
a tt itu d e s  o f em p loyees  who have been o r  w i l l  be su b je c te d  to  th is  co n - 
squences o f new te ch n o lo g y . W a lk e r  and G uest (33) in v e s tig a te d  a lm o s t 
30 y e a rs  ago, th e  p ro b le m s  a s s o c ia te d  w ith  m en  w o rk in g  on c a r  
a s s e m b ly  l in e s  and h e lped  to  la y  the  fo u n d a tio n s  f o r  fu r th e r  re s e a rc h  
on th e  s u b je c t o f job  s a t is fa c t io n  and job  e n la rg e m e n t. C h in o y  (34) 
re s e a rc h e d  s im i la r  w o rk  a c t iv it ie s  and th e  e ffe c ts  on th e  w o rk e r .  
P ro b a b ly  the  b e s t know n re la te d  p r io r  re s e a rc h  to  th is  th e s is  is  th a t 
o f T r i s t  and th e  w o rk  o f the  T a v is to c k  In s t itu te  (36). H is  s tu d y  was 
v e ry  s p e c if ic  and d ir e c t ly  conce rned  w ith  the  e ffe c t o f a c o m p le te ly  
new fo rm  o f a p p lie d  te ch n o lo g y . B la u n e r  (37) d is t in g u is h e s  m a in  
typ e s  o f te c h n o lo g y  on th e  b a s is  o f deg ree  o f m e c h a n is a tio n  and s ta n d ­
a rd is a t io n  o f th e  p ro d u c t. He d is cu sse s  the  p ro b le m  o f a lie n a tio n  as 
i t  a p p lie s  to  these  typ e s  and suggests  th a t i t  w i l l  be h ig h e s t fo r  
a s s e m b ly  typ e  fra g m e n te d  s k i l ls  and lo w e s t f o r  c r a f t  typ e  s k i l ls .
T h is  re s e a rc h  w h ic h  is  de ep ly  con ce rne d  w ith  th e  c ra f t  e le m e n t id e n t i­
f ie d  b y  B la u n e r  c e n te rs  on p a r t ic u la r  e n g in e e rin g  s k i l ls  and not on any
b ro a d  f r o n t  w o rk g ro u p  o r  a s s e m b ly  l in e .  I t  th e re fo re  a rgue s  a
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s p e c ia l case f o r  th e  in tro d u c t io n  o f new te ch n o lo g y  in to  m a n u fa c tu r in g  
in d u s try  w h ic h  m akes th is  re s e a rc h  un ique and u n p a ra lle le d  in  any 
p re v io u s  s tu d ie s .
F ro m  the  l im i te d  p r io r  re s e a rc h  on the  su b je c t o f d e - s k i l l in g  o f c r a f ts ­
m en and th e  re a c t io n  o f th e se  em p loyees to  the  new te c h n o lo g ie s  ca u s in g  
th e  change, i t  is  im p lie d  th a t th e  em p loyees w i l l  have a n ega tive  a tt itu d e  
to  th e  new te ch n o lo g y  and seek to  r e s is t .  See A b b o t (14), B r ig h t  (38), 
S ayles (27), S co tt (39) and M u m fo rd  (40). T h e  la s t  tw o  re s e a rc h e rs  
w e re  m a in ly  con ce rn e d  w ith  o ff ic e  equ ipm en t and c o m p u te rs  b u t the  
re p o r te d  e ffe c ts  w e re  o f a s im i la r  v ie w . One fu r th e r  s tu d y  w h ich  
c o r re la te s  w ith  th is  re s e a rc h  is  th a t o f H a ll  and M i l l e r  who noted th a t 
s k i l le d  c ra fts m e n  w e re  a f ra id  o f lo s in g  in t r in s ic  job  s a t is fa c t io n  and 
jo b  s ta tu s  as a re s u lt  o f d ilu t io n  o f s k i l ls  (41).
T h e  m u lt in a t io n a l o rg a n is a tio n s  have re c e iv e d  m u ch  c r i t i c is m  o v e r the  
la s t  decade and m o re  so re c e n t ly  w ith  th e  a p p a re n t w ith d ra w a l o f m any  
A m e r ic a n -o w n e d  g ro up s  f r o m  B r i t a in  b ack  to  A m e r ic a .  S chum pe te r 
(44) and o th e rs  have p la ce d  m o re  em pha s is  on th e  r o le  o f th e se  g ia n t 
c o rp o ra tio n s  in  s t im u la t in g  te c h n ic a l advances. Je n k in s  (45) in  h is  
re c e n t book su ggests  th a t th e re  a re  2 m a jo r  re a son s  f o r  th is  and these  
a re  the  a v a i la b i l i t y  o f fin a n c e  and the  re s o u rc e s  to  be devoted  e n t ir e ly  
to  re s e a rc h  and d e ve lo p m en t. In  a re p o r t  b y  th e  U n ite d  N a tio n s  
D e p a rtm e n t o f E c o n o m ic  and S o c ia l A f fa ir s  in  1974, i t  w as o b se rve d  
th a t w h ile  m u lt in a t io n a ls  a re  an im p o r ta n t s o u rc e  o f c e r ta in  typ e s  o f 
te ch n o lo g y , th e se  c o rp o ra tio n s  do not a lw a ys  w an t to  t r a n s fe r  th is  
te ch n o lo g y  to  th e ir  a f f i l ia te s  e ith e r  because i t  is  not s u ita b le  fo r  use o r  
th e y  ju s t  do not w is h  to  m ake  i t  a v a ila b le  (46). W h ile  th is  re s e a rc h  
does not e n q u ire  in to  the  s p e c ia l p ro b le m s  o f m u lt in a t io n a ls  as re la te d  
to  new te ch n o lo g y , i t  w i l l  be show n th a t s p e c ia l p ro b le m s  do e x is t w ith  
the  m u lt in a t io n a ls  and th e i r  d e c is io n s  to  m ove  te c h n o lo g y  f r o m  one 
p la n t to  a n o th e r. B ass  and B a r r e t t  a lso  o b se rve d  in  th e i r  w r it in g s  th a t 
th e  m u lt in a t io n a ls  have an im p o r ta n t ro le  to  p la y  in  th e  advancem ent o f 
new te ch n o lo g y  bu t q u e s tio n , as th is  re s e a rc h  w i l l  do ,the  e ffe c tiv e n e s s
of th is  a c t iv i t y  (47). F u r th e r  re s e a rc h  and re p o r ts  have been 
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h ig h lig h te d  b y  S e rva n  -  S c h re ib e r  (48), B o n e r (49) and P e r lm u t te r  (50), 
on th e  w ho le  q u e s tio n  o f in te g ra t io n  o f th e  A m e r ic a n  m u lt in a t io n a ls  
in to  B r i t a in  and E u ro p e  b u t th is  re s e a rc h  w i l l  d i f fe r  in  som e re s p e c t 
w ith  these  above f in d in g s  su g ge s tin g  th a t m any  o f th e  p ro b le m s  o r  
in te g ra t io n  o f new te ch n o lo g ie s  w e re  not o n ly  a ss o c ia te d  w ith  th e  a t t i ­
tud e s , t r a d it io n s  and p ra c t iv e s  o f th e  re s id e n ts  bu t m a n y  o f the  p ro ­
b le m s  w e re  b ro u g h t o v e r b y  th e  A m e r ic a n  m u lt in a t io n a l m a n a g e rs .
T h is  re s e a rc h  a g a in  a rg ue s  a case th a t th e re  a re  d if fe re n c e s  in  the  
o rg a n is a tio n  s tru c tu re s  o f f i r m s  u s in g  and no t u s in g  new m e a s u r in g  
m a ch in e  te c h n o lo g y . T o  e s ta b lis h  a da tum  fo r  th e  a n a ly s is  o f 100 
o rg a n is a tio n  s tru c tu re s ,  the  p r in c ip le s  o f h ie r a r c h ic a l  le v e ls  d e r iv e d  
b y  W e b e r and F a y o l a re  a p p lie d  (52). T h e  e v o lu tio n  o f the  q u a lity  
c o n tro l fu n c tio n  as a se p a ra te  o rg a n is a tio n  f r o m  th a t o f m a n u fa c tu r in g  
w as f i r s t  re p o r te d  b y  J u ra n  (53). T h e  d e f in it io n s  f o r  s p e c if ic  p o s it io n  
t i t le s  as id e n t if ie d  b y  J u ra n  a re  a ls o  a p p lie d  to  th is  re s e a rc h , in  
o rd e r  to  show  d if fe re n c e s  be tw een  tho se  f i r m s  u s in g  and not us in g  
new m e a s u r in g  m a ch in e  te ch n o lo g y .
I t  is  o b se rve d  in  th is  re s e a rc h  th a t th e  la r g e r  th e  s iz e  o f an o rg a n is a ­
t io n  th e n  th e  lo w e r  is  th e  r a t io  o f m o n th ly  p a id  o r  s e n io r  s ta f f  to  to ta l 
p e rs o n n e l in  th e  f i r m .  T h is  r e s u lt  tends to  re p lic a te  th e  f in d in g s  o f 
S ta rb u ck  in  te rm s  o f o rg a n is a tio n s  o f le s s  th a n  100 e m p loyees  (54), 
T h is  s tu d y  e xa m in e s  d if fe re n t  b u s in e ss  a c t iv it ie s  in  r e la t io n  to  new 
te c h n o lo g y  and o b se rve s  th a t the  f i r m s  in  the  B r i t i s h  m a ch in e  to o l 
in d u s try  do not r e f le c t  w e l l  in  te rm s  o f good o rg a n is a t io n a l s t ru c tu re  
o r  m a n p o w e r ra t io s  co m p a re d  to  o th e r  b u s in e ss  a c t iv it ie s ,  bu t these  
fin d in g s  a re  som ew ha t p a ra lle le d  w ith  a re c e n t M a ch in e  T o o l In d u s try  
B u s in e ss  R a tio  R e p o rt, w h ic h  re f le c ts  a v e r y  e r r a t ic  p e r fo rm a n c e  
(55).
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C H A P T E R  2 -  T H E  M E A S U R IN G  M A C H IN E  
2 .1  -  T H E  O B J E C T IV E  O F  T H IS  C H A P T E R .
T h e  o b je c tiv e  o f th is  c h a p te r is  to  d e s c r ib e  th e  new te c h n o lo g y  w h ic h  
is  c e n tra l to  th is  re s e a rc h  p ro je c t .  In  o rd e r  to  m ake  th is  d e s c r ip t io n  
f u l ly  co m p re h e n s iv e , the  fo llo w in g  stages o f d e ve lo p m e n t o f m e a s u r­
in g  m a ch in e s  w i l l  be d iscu sse d  -
o H is to r y  and d e ve lop m en t o f the  e a r ly  m e a s u r in g  m a ch in e s , 
o In d u s t r ia l  m e tro lo g y  tod ay , 
o T yp e s  o f m e a s u r in g  m a ch in e s  in  use. 
o T h e  c o -o rd in a te  m e a s u r in g  m a ch in e .
o T h e  m e a s u r in g  m a ch in e  te c h n o lo g y  a v a ila b le  to  in d u s try .
T h e  te x t in  the  c h a p te r w i l l  be su p p o rte d  b y  p h o to g ra p h ic  p la te s , 
f ig u re s  and append ices m a te r ia l  as fo llo w s  -
o S ig n if ic a n t da tes in  th e  h is to r y  o f deve lo p m en t o f m e a s u r in g  
m a ch in e s . See A p p e n d ix  B .
o M o ire  f r in g e  p r in c ip le  o f o p t ic a l s c a le s . See A p p e n d ix  C.
o A  w o r ld w id e  re v ie w  o f m a n u fa c tu re rs  and th e i r  s y s te m s  o f co ­
o rd in a te  m e a s u r in g  m a ch in e s . See A p p e n d ix  D ,
H ig h lig h ts  o f C h a p te r ,
C h a p te r 2 tra c e s  th e  h is to r y  o f the  m e a s u r in g  m a ch in e  concep t f r o m  
the  in i t ia l  in v e n tio n  b y  Joseph W h itw o r th  in  1855 to  the  m id  1960s, 
w hen th e re  was a tre m e n d o u s  expans ion  o f m e a s u r in g  te c h n o lo g y  and 
e qu ipm en t. T h e  e a r ly  e n g in e e rs  and s c ie n t is ts  w e re  con ce rn e d  
e s s e n t ia l ly  w ith  c re a t in g  som e fo rm  o f s ta n d a rd  gaug ing  f r o m  w h ich  
th e y  cou ld  o b ta in  good in te rc h a n g e a b ility  o f m a n u fa c tu re d  com ponen ts . 
T h e y  w an ted  to  im p ro v e  th e ir  c ru d e  m a ch in e  to o l a c c u ra c y  so the  
f i r s t  m e a s u r in g  m a ch in e s  w e re  th e re fo re  c re a te d  to  be a fo rm  o f 
c o m p a ra to r  to  m ee t the  a fo re m e n tio n e d  o b je c tiv e s .
M a rc  T h u ry  o f the  S oc ié té  G enevo ise  D 'In s tru m e n ts  de P h y s iq u e  in  
G eneva, in ve n te d  a l in e a r  d iv id in g  m a ch in e  in  1863, n o t f o r  any 
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c o m m e rc ia l o r  in d u s t r ia l  p u rp o s e , bu t e s s e n t ia l ly  as a m eans o f 
im p ro v in g  th e  a c c u ra c y  o f the  w id e  v a r ie ty  o f s c ie n t i f ic  in s tru m e n ts  
b e in g  m ade b y  h is  o rg a n is a tio n . Indeed  o v e r th e  y e a rs  S oc ié té  
G enevo ise  tended  to  be b ia se d  to w a rd s  s c ie n t i f ic  w o rk  as opposed to  
in d u s t r ia l  m a n u fa c tu r in g . T h e y  deve loped , m a n u fa c tu re d  and 
m a rk e te d  a 3 c o -o rd in a te  m e a s u r in g  m a ch in e  a lm o s t 30 y e a rs  ahead 
o f m o s t o th e r  m a n u fa c tu re rs , ye t th e y  appea red  to  have fa i le d  to  
e x p lo it  th is  m a rk e t d u r in g  these  y e a rs , o r  even to d a y .
R ic h a rd  M o o re , who founded h is  com pany in  1924, se t out on a 
c o m m e rc ia l b a s is  f r o m  th e  b e g in n in g , s u p p ly in g  gauges and d ies  to  
m a n u fa c tu r in g  in d u s try  in  A m e r ic a .  He b u il t  a j ig  b o r in g  m a ch in e  
to o l and in v e n te d  a j ig  g r in d e r  to  a s s is t h im  in  m a k in g  m o re  a c c u ra te  
gauges, M o o re  soon found  h im s e lf  m a n u fa c tu r in g  and s e ll in g  j ig  
b o re rs  in  a d d it io n  to  h is  gauges and d ie s , and indeed , the  j ig  b o re r  
was so a c c u ra te , th a t he and h is  c u s to m e rs  began to  use i t  f o r  m e a ­
s u r in g  p u rp o s e s , thus  th e  M o o re  U n iv e rs a l M e a s u r in g  M a ch in e  was 
con ce ived  and e vo lve d  f r o m  th e  o r ig in a l  j ig  b o r e r  m a ch in e  to o l.
O th e r h ig h  p re c is io n  in s tru m e n t m a n u fa c tu re rs  found  th e m s e lv e s  in  
the  m e a s u r in g  m a ch in e  b u s in e ss  b y  a need to  de ve lop  a p ie ce  o f e q u ip ­
m e n t to  m e a s u re  th e ir  p ro d u c ts , C a r l  Z e is s  o f W e s t G e rm a n y  is  a 
good e xa m p le , as th e y  deve loped  v e ry  h ig h  p re c is io n  o p t ic a l m e a s u r­
in g  d e v ice s  in  o rd e r  to  m a n u fa c tu re  th e ir  b in o c u la rs  and p re c is io n  
p h o to g ra p h ic  e q u ip m e n t. T o d a y  th e i r  l in e  o f p ro d u c ts  is  headed b y  a 
ra n g e  o f c o -o rd in a te  m e a s u r in g  m a ch in e s .
I t  was not u n t i l  the  1960s th a t c e r ta in  com pan ies  w e re  founded p u re ly  
fo r  the  b u s in e ss  o f m a n u fa c tu r in g  m e a s u r in g  m a ch in e s  and th is  event 
cam e about p r im a r i ly  due to  the  de ve lopm en t o f m a n y  o th e r te c h n o ­
lo g ie s ; th e  use o f l ig h t  w aves as a n a tu ra l s ta n d a rd  fo r  m e a s u r in g  
le n g th , th e  deve lo p m e n t o f th e  c o m p u te r and th e  m ic ro c o m p u te r ,  
to g e th e r w ith  a w ho le  h o s t o f o th e r re la te d  e le c t ro n ic  in v e n tio n s .
T h e  c re a t io n  o f to d a y 's  advanced m e a s u r in g  m a ch in e  f r o m  a l l  the
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v a r io u s  b e g in n in g s , s c ie n t if ic ,  in d u s tr ia l,  b y -p ro d u c t o r  o th e r, 
w o u ld  not have  happened in  the  f in a l  a n a ly s is , bu t f o r  th e  e s ta b lis h ­
m en t o f a re a d y  m a rk e t o f u s e rs . T h is  m a rk e t w as c re a te d  in  m a n u ­
fa c tu r in g  in d u s try  w ith  the  in c re a s in g  c o m p le x ity  o f n u m e r ic a l 
c o n tro lle d  m a ch in e  to o ls  g e n e ra tin g  com ponents o f m uch  h ig h e r  
vo lu m e s  and deg re e s  o f a c c u ra c y  and, con se q u e n tly , a h ig h e r  s ta n d ­
a rd  o f in s p e c tio n , w h ic h  co u ld  not to le ra te  the  s lo w  m e thods o f 
m e a s u re m e n t u t i l is e d  in  p re v io u s  y e a rs  w ith in  th a t in d u s try .
C h a p te r 2 th e n  exa m in e s  the  w id th  o f in d u s t r ia l  m e tro lo g y  toda y , to  
show w h e re  th e  m e a s u r in g  m a ch in e  f i t s  in to  the  g e n e ra l s p e c tru m  o f 
m e thods adopted  b y  m a n u fa c tu r in g  in d u s try , i l lu s t r a t in g  in  p a r t ic u la r  
th e  b a s ic  concep t o f in te r fe r o m e t r y  and la s e r  te ch n o lo g y  w h ich  w i l l  
be r e fe r r e d  to  la te r  in  th is  re s e a rc h  as i t  is  an in te g ra l p a r t  o f th e  3 
c o -o rd in a te  m e a s u r in g  m a ch in e . T h e  v a r io u s  typ e s  o f m e a s u r in g  
m a ch in e s  a re  d iscu sse d  to g e th e r w ith  the  co m p le te  ra n g e  o f co ­
o rd in a te  m e a s u r in g  m a ch in e s  b e in g  used to d a y  in  in d u s try .
/ * . * ,  -34-
2 . 2 -  H IS TO R Y  A N D  D E V E L O P M E N T  O F T H E  M E A S U R IN G  
M A C H IN E .
T h e  f i r s t  know n m e a s u r in g  m a ch in e  was c o n s tru c te d  by  Joseph 
W h itw o r th  (1803-1887) in  E n g la n d  about 1855. T h is  was a l in e a r  type  
m a ch in e  based  on end m e a s u re m e n t w h ich , i t  was sa id , cou ld  de tec t 
d if fe re n c e s  as s m a ll as one m i l l io n th  o f an in c h  - p ro b a b ly  th is  
m a ch in e  d id  not m e a s u re  s iz e s , bu t s im p ly  co m p a re d  m in u te  d i f f e r ­
ences, T h e  p r a c t ic a l  use o f th e  m a ch in e  w as in  th e  p ro d u c tio n  of 
s ta n d a rd  gauges and W h itw o r th  in  1841, ad voca ted  b e fo re  the  I n s t i ­
tu t io n  o f C iv i l  E n g in e e rs , th e  g e n e ra l use o f s ta n d a rd  gauges 
g radua ted  to  a f ix e d  s c a le  as a co n s tan t m e a s u re  o f s iz e . - He p o in te d  
out th a t th e se  w ou ld  enab le  s ta n d a rd  m a ch in e  p a r ts  to  be p ro d u ce d  
in s te a d  o f th e  e x is t in g  " in d e f in ite  m u lt ip l ic a t io n  o f s iz e s " .  In  a le t te r  
to  "T h e  T im e s "  in  1855, W h itw o r th  s ta te d  " th a t th e  eng ines o f 90 
gunboats f o r  the  C r im e a n  W a r  w e re  co m p le te d  in  90 days, o n ly  as a 
r e s u lt  o f the  a dop tio n  o f s ta n d a rd  gauges so th a t in te rm a tc h in g  p a r ts  
co u ld  be p ro d u ce d  in  q u a n tity  b y  d if fe re n t  f i r m s ,  "  T h e se  a rg u m e n ts  
p ro v e d  c o n v in c in g  and in  1880 h is  s ta n d a rd s  w e re  o f f ic ia l ly  adopted 
by  th e  B o a rd  o f T ra d e . W h itw o r th  is  b es t know n f o r  h is  s ta n d a rd ­
is a t io n  o f s c re w  th re a d s , w h ich  w as u n iv e rs a lly  adop ted  b y  1858. (3).
T h e re  a re  2 o rg a n is a tio n s  in  the  w o r ld  w h ich  co u ld  la y  c la im  to  b e in g  
p io n e e rs  w ith  the  in tro d u c t io n  o f m o d e rn  2 and 3 c o -o rd in a te  m e a s u r­
in g  m a ch in e s . T h e se  o rg a n is a tio n s  a re  -  S oc ié té  G enevo ise  
D 'In s tru m e n ts  de P h ys iq u e  o f S w itz e r la n d , and M o o re  S p e c ia l T o o l 
C om pany, A m e r ic a .  T h e  fo llo w in g  b r ie f  d e s c r ip t io n  shows how  each 
o f these  f i r m s  e vo lve d  th e i r  re s p e c t iv e  types  o f m e a s u r in g  m a ch in e s .
T h e  S oc ié té  G enevo ise  D 'In s tru m e n ts  de P h y s iq u e  (4) w h ic h  m eans in  
E n g lis h  -  G enevese C om pany fo r  P h y s ic a l In s tru m e n ts , know n the  
w o r ld  o v e r as S. I .  P . , was founded in  1858 b y  a fe w  p ro fe s s o rs  o f the  
U n iv e rs ity  o f G eneva, who w anted  to  have n e a r the  u n iv e rs ity ,  a w o rk  
shop w h e re  th e y  co u ld  b u ild  the  in s tru m e n ts  th e y  used in  th e ir  
la b o ra to r ie s .  M a n y  o f th e  in s tru m e n ts  a v a ila b le  a t th a t t im e  w e re
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r a th e r  p r im i t iv e  and inadequa te  f o r  th e ir  p u rp o se . I t  was th e re fo re  
fe l t  th a t m u ch  advance co u ld  be a ch ieved  in  s e v e ra l b ra n ch e s  o f 
sc ien ce , i f  b e t te r  and, in  p a r t ic u la r ,  m o re  a c c u ra te  in s tru m e n ts , 
co u ld  be m ade, hence the  d e s ire  to  s ta r t  a w o rksh o p  w ith  the  h ig h e s t 
q u a lity  o f w o rk m a n s h ip . SIP was e s ta b lis h e d  in  1862 as a c o rp o ra t io n  
f o r  th e  m a n u fa c tu re  o f s c ie n t if ic  in s tru m e n ts , p a r t ic u la r ly  fo r  p h y s i­
c a l re s e a rc h  w o rk . I t  was a c tu a lly  engaged f o r  a n u m b e r o f y e a rs  
w ith  the  m a n u fa c tu re  o f a v e r y  w id e  ra n ge  o f in s tru m e n ts  such as -  
m a th e m a tic a l and g e od e tic  in s tru m e n ts , c o m p a ra to rs , m ic ro s c o p e s , 
m e r id ia n  te le s c o p e s , e q u a to r ia l m o u n tin g s , s p e c tro m e te rs , 
com passes , e x p e r im e n ta l m a ch in e s , e le c t r ic a l  in s tru m e n ts  and 
o th e rs . C irc u m s ta n c e s  w e re  soon to  le a d  SIP to  hand le  o th e r m a n u ­
fa c tu r in g  p ro b le m s , the  f i r s t  one was th a t o f g ra d u a tin g  m a ch in e s , 
c a lle d  d iv id in g  m a c h in e s . I t  was found  th a t m o s t o f th e  in s tru m e n ts  
m ade e n ta ile d  p re c is io n  d iv is io n s , e ith e r  l in e a r  o r  c i r c u la r  and th e re  
was at th a t t im e  no a u to m a tic  m a ch in e  to  g ra du a te  th e m  w ith  the  
re q u ire d  a c c u ra c y , so i t  was d ec ided  to  b u ild  s p e c ia l m a ch in e s  fo r  
th is  p u rp o s e . T h e  f i r s t  d iv id in g  m a ch in e  ( l in e a r )  was m ade in  1863 
and th is  w as th e  f i r s t  m a ch in e  e v e r to  be equ ipped  w ith  an a u to m a tic  
c o r re c t in g  d e v ice . I t  to o k  2 y e a rs  to  be c o m p le te d  and had f in a l ly  an 
a c c u ra c y  o f ± ,0 1 "  o v e r  i ts  e n t ire  t r a v e l  o f 2 0 ", O nce th is  m a ch in e  
w as in  s e rv ic e , SIP was soon engaged on m a k in g  p re c is io n  s c a le s , 
w h ic h  le d  to  th e  m a n u fa c tu re  o f in s tru m e n ts  fo r  c h e ck in g  these  sca le s  
o r  c o m p a r in g  th e m  be tw een  each o th e r. F ro m  th is  stage SIP w e re  
ab le  to  p ro g re s s  w ith  the  m a n u fa c tu re  o f m o re  a c c u ra te  m e a s u r in g  
in s tru m e n ts .
A s  t im e  w ent on in d u s t r ia l  f i r m s  s ta r te d  sh ow ing  in te re s t  in  
p re c is io n  m e a s u r in g  in s tru m e n ts . T h e  d e ve lo p m e n t o f m ass p ro ­
d u c tio n , w h ic h  c a lle d  fo r  in te rc h a n g e a b ility  o f th e  m a n u fa c tu re d  
p a r ts , m ade i t  n e c e s s a ry  to  d isp o se  in  e v e ry  in d u s t r ia l  m a ch in e  shop 
an a c c u ra te  and p e rm a n e n t b a s is  o f m e a s u re m e n t on w h ic h  a l l  the  
to o ls  and gauges used f o r  th e  p ro d u c tio n  cou ld  be checked . S iP ’ s 
m e a s u r in g  in s tru m e n ts , w h ic h  had a t f i r s t  been used p r in c ip a l ly  fo r
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S c ie n t if ic  p u rp o se s , had to  be adapted to  the  g ro w in g  re q u ire m e n t o f 
the  in d u s try ,  f o r  th e  c o n tro l o f gauges o f a l l  k in d , th re a d e d  p a r ts , 
e tc . One o f th e  fo re ru n n e rs  to  th e  m o d e rn  c o -o rd in a te  m e a s u r in g  
m a ch in e  was the  j ig  b o re r  m a ch in e  to o l. T he  f i r s t  j ig  b o re rs  w e re  
m ade by  SIP fo r  S w iss  w a tc h m a k e rs  a t the  t im e  o f W o r ld  W a r I; th e y  
w e re  used o n ly  f o r  s p o ttin g  bu t w e re  not v e ry  d if fe re n t  f r o m  to d a y 's  
2 c o -o rd in a te s  m e a s u r in g  m a ch in e . E v e n tu a lly  th e  idea  was con ­
ce ive d  o f e x te n d in g  th e i r  a p p lic a t io n  to  a l l  m e c h a n ic a l in d u s try  and in  
1921 the  f i r s t  in d u s t r ia l  j ig  b o re r ,  M P -4 , was c o m p le te d . W ith  
th e se  m a ch in e s , s e ttin g s  w e re  m ade b y  m eans o f le a d  s c re w s  w ith  
c o r re c t in g  d e v ice s , b u t la te r  in  1934, SIP deve loped  th e  f i r s t  j ig  
b o r e r  w ith  o p t ic a l s e tt in g s , c a lle d  th e  H y d ro p t ic ,  and th is  m a ch in e  
g re a t ly  in c re a s e d  the  f ie ld  o f a p p lic a t io n  o f j ig  b o re rs .  T h u s  i t  is  
seen th a t b y  a con tinuous  and lo g ic a l e v o lu tio n , SIP has gone o v e r 
f r o m  a p u re ly  s c ie n t i f ic a l  to  an in d u s t r ia l  p ro d u c tio n . I f  th e  p ro d u c ts  
have changed, th e  t r a d it io n ,  thp  m e thods used have no t, n o r the  
app ro a ch  to  any m a n u fa c tu r in g  p ro b le m s , as a l l  th e  m a ch in e s  o r  
in s tru m e n ts  m ade b y  SIP con tinu e d  to  e n ta il som e s c ie n t if ic  e le m e n ts .
T h e  w o r ld 's  f i r s t  know n 3 c o -o rd in a te s  m e a s u r in g  m a ch in e  was 
deve loped  and m a rk e te d  b y  SIP in  the  e a r ly  1930s, i t  was c a lle d  the  
M U -2 1 4 B , and had a ra n ge  o f 6 "  x  1 6 " x  4 "  f o r  the  z , x  and y  axes 
re s p e c t iv e ly .  T h e  m a in  fe a tu re s  o f th is  m a ch in e  w e re  i ts  h igh  
p re c is io n  f o r  a b so lu te  m e a s u re m e n t o f le n g th s , d ia m e te rs , e x te rn a l 
and in te rn a l th re a d s , p r o f i le  gauges, p la te s  and j ig s ,  e tc . I t  had 
s te e l s ta n d a rd s  b u i l t  in to  th e  lo n g itu d in a l c a r r ia g e  s u p p o rtin g  the  
p a r ts  to  be m e a s u re d  and in to  the  t ra n s v e rs e  c a r r ia g e  re c e iv in g  the  
lo c a t in g  m ic ro s c o p e s  and v a r io u s  a u x il ia r y  m e a s u r in g  a tta ch m e n ts . 
A n  im p ro v e d  and updated v e rs io n  o f th is  m a ch in e  is  s t i l l  m a rk e te d  b y  
SIP tod ay . B y  1960 SIP had so ld  o v e r 900 o f th e i r  MXJ-214B m e a s u r­
in g  m a ch in e s  a ro un d  th e  w o r ld ,  h a v in g  a lm o s t 30 y e a rs  o f no 
s e r io u s  c o m p e tit io n , w h ic h  m a y  accoun t fo r  th e  s u rp r is in g  la c k  o f 
d e ve lopm en t in  th e  m e a s u r in g  m a ch in e  b u s in e ss  up to  th is  p o in t in  
t im e , a p a r t f r o m  th e  need to  a w a it o th e r  te c h n o lo g ie s  b e in g  inve n te d
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e s p e c ia lly  re la te d  to  the  f ie ld  o f e le c tro n ic s .
In  1961, SIP m a rk e te d  the  T r io p t ic  m e a s u r in g  m a ch in e  w h ich  in  m a n y  
re s p e c ts  w as th e  w o r ld ’ s f i r s t  t ru e  3 c o -o rd in a te s  m e a s u r in g  m a ch in e  
and i t  w as a t th a t t im e  d e s c r ib e d  as fo llo w s  ; -  (4).
T r io p t ic  D e s c r ip t io n ,
T h e  m a jo r i t y  o f u n iv e rs a l m a ch in e s  w h ich  a re  a v a ila b le  on th e  w o r ld  
m a rk e t a re  o n ly  in te nd e d  fo r  m e a s u r in g  s m a ll,  l ig h t  p a r ts  and those  
r a r e  m a ch in e s  w h ic h  a re  capab le  o f m e a s u r in g  h e a v ie r  p a r ts  a re  not 
s u f f ic ie n t ly  a c c u ra te  to  m e e t the  re q u ire m e n t's  o f m o d e rn T n d u s try ,
Si p  w ith  i ts  T r io p t ic  u n iv e rs a l m e a s u r in g  m a ch in e , p la ce s  at the  
in d u s tr y ’ s d is p o s a l an in s tru m e n t o f h ig h  p re c is io n , and p a r t ic u la r ly  
w e l l  adapted  to  the  needs o f th e  day. T h e  w o rk  lo a d  p e rm is s ib le  on 
th e  ta b le  is  3 3 0 - lb s  (150 kg ). A c c u ra te ly  m e a s u r in g  p a r ts  as he avy  
and as cu m b e rs o m e  as th e se  m eans th a t the  m a ch in e  has to  be in  th e  
f i r s t  p la ce , b o th  r ig id  and s ta b le , the  bed and the  3 m o b ile  e le m e n ts , 
lo n g itu d in a l,  t r a n s v e rs a l and v e r t ic a l  c a r r ia g e s , a re  m ade o f 
s ta b ilis e d  ca s t ir o n .  R ig id ity  is  ob ta ined  b y  v e r y  s tro n g  r ib b in g  and 
a w e l l  b a la n ce d  bed re s t in g  on 3 p o in ts .
G e n e ra l F u n c tio n in g  P r in c ip le ,
T he  d is p la c e m e n t axes o f th e  3 m o b ile  e le m e n ts  d e fin e d  th e  3 m e a ­
s u r in g  c o -o rd in a te s , 1, t  and h , (F ig u re  1).
a. T h e  lo n g itu d in a l c a r r ia g e  ’ 1’ w h ic h  su p p o rts  th e  p a r t  to  be 
m e a s u re d ,
b . T h e  t r a n s v e rs a l c a r r ia g e  ’ t ’ w h ic h  is  d is p la c e d  p e rp e n d ic u la r ly  
to  ’1’ and w h ic h  s u p p o rts  the  v e r t ic a l  c a r r ia g e ,
c. T he  v e r t ic a l  c a r r ia g e  ’ h ’ , p e rp e n d ic u la r  to  th e  p la n e  fo rm e d  b y  
the  d is p la c e m e n t o f the  lo n g itu d in a l and t ra n s v e rs a l c a r r ia g e s , 
w h ic h  ta ke s  th e  lo c a t in g  in s tru m e n ts ,
A  s ta n d a rd  s c a le  is  m ounted  in s id e  each m o b ile  e le m e n t -  the  
d iv is io n s  o f th e se  sca le s  a re  p ro je c te d  onto 3 m ic ro m e te r  sc re e n s  
w h ich  g ive  th e  p o s it io n  o f th e  sca le  and co n seq u e n tly  th a t o f the  
m o b ile  e le m e n t. I t  can th e re fo re  be seen th a t th e  m a ch in e  t r a n s ­
fo rm s  th e  le n g th  to  be m e a su re d  in to  a m e a s u ra b le  d is p la c e m e n t -  
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th a t o f th e  s ta n d a rd  sca le  m oun ted  on the  m o b ile  e le m e n t in  re la t io n  
to  a f ix e d  p o in t, the  m ic ro m e te r  s c re e n . I t  can be seen how  i t  is  
p o s s ib le  to  m e a s u re  the  d is p la c e m e n ts  o f th e  m o b ile  e le m e n ts  in  
r e la t io n  to  the  m a ch in e , bu t the  p o s it io n  o f the m o b ile  e le m e n ts  has 
s t i l l  to  be d e te rm in e d  in  re la t io n  to  the  p a r t to  be m e a su re d . T h is  
lo c a t in g  o p e ra tio n  is  c a r r ie d  out by  m eans o f o p t ic a l o r  m e c h a n ic a l 
in s tru m e n ts  w h ic h  a re  m oun ted  on the  v e r t ic a l  c a r r ia g e ,  (L a te r ,  and 
on th e  c u r re n t  m o d e ls  o f the  T r io p t ic ,  e le c tro n ic  in s tru m e n ts  w e re  
added).
D u r in g  th e  p e r io d  th a t SIP had m a rk e te d  t h e i r - f i r s t  m e a s u r in g -m a ­
ch in e , the  M U -2 1 4 B  in  th e  e a r ly  1930s, a new f i r m  had been founded  
in  A m e r ic a  w h ic h  was to  f i r s t l y  use the  SIP e q u ip m e n t and la t t e r ly  to  
e m e rg e  as an im p o r ta n t c o m p e t ito r .  T h is  f i r m  was th e  M o o re  S p e c ia l 
T o o l C om pany (4), founded  in  B r id g e p o r t ,  C o n n e c tic u t in  1924, 
s p e c ia lis in g  in  h ig h ly  a c c u ra te  gauges and d ie s . M u ch  o f i ts  e a r ly  
w o rk  was f o r  th e  c lo c k  and b ra s s  shops o f th e  N auga tuck  V a lle y ,  bu t 
b y  1932, R ic h a rd  F , M o o re  had des igned  and b u i l t  a j ig  b o r e r  fo r  h is  
f i r m 's  own use and th en  fo r  sa le  to  adapt to  to o lro o m s  and jo b b in g  
shops m a k in g  to o ls  and d ies  fo r  c lo c k s , lo c k s , s m a ll e le c t r ic  d e v ice s , 
ty p e w r ite r s ,  add in g  m a ch in e s , to y s , in s tru m e n ts  and m a n y  o th e r 
s m a ll and m o d e ra te  s iz e d  p a r ts .  He had se t f o r  h im s e lf  the  r e q u ir e ­
m e n t th a t th e  p r ic e  sho u ld  be lo w , so th a t the  m a ch in e  w i l l  pay fo r  
i t s e l f  in  a s h o r t t im e . T h e  No: 1 M o o re  j ig  b o re r  was s m a ll,  
a c c u ra te  and fa s t,  i t s  g re a t in n o v a tio n  was the  use o f ha rdened , 
th re a d -g ro u n d  and lap ped  le a d  s c re w s , w h ic h  gave g re a te r  s e c u r ity  
to  m e a s u re m e n t th a n  the  s o ft, com pensa ted  ones. In  a s m a ll m a ch in e  
th e  lea d  s c re w  p ro v id e d  m a n y  advantages o v e r e ith e r  a sca le  o r  end 
m e a s u re , m o s t n o ta b ly  in  fa s te r  s e tt in g  and th e  s im p l ic i t y  o f d e s ign  
enab led  the  m a ch in e  to  be o ffe re d  at a re a so n a b le  p r ic e ,  so i t  soon 
a ch ie ve d  accep tance  -  th is  le d  to  th e  j ig  b o re r  b e c o m in g  a b a s ic  
m a ch in e  to o l.  In  1940, M o o re  inve n te d  the  j ig  g r in d e r  -  th is  m a ch in e  
to o l o v e rc a m e  the  p ro b le m  o f h a v in g  to  j ig  b o re  p a r ts  in  a so ft s ta te  
and som ehow  t r y in g  to  com pensa te  f o r  the  re s u lta n t h a rd e n in g
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d is to r t io n .  W ith  the  j ig  g r in d e r ,  ho les  co u ld  be g ro u n d  to  lo c a t io n  
a f te r  h a rd e n in g , a c a p a b ili ty  e s p e c ia lly  needed fo r  such  a c c u ra te  w o rk  
as p ro g re s s iv e  m o to r - la m in a t io n  d ie s , w a tch  and c lo c k  d ie s , h a rd e n ­
ed j ig s ,  f ix tu re s  and gauges.
B y  1946 th e  N a tio n a l C ash R e g is te r  C om pany had s p e c if ie d  th a t a l l  
d ie s , w h e re  a c c u ra te  h o le  lo c a t io n  was in v o lv e d , had to  be j ig -g ro u n d . 
F ro m  to d a y 's  p e rs p e c tiv e , th is  w o u ld  seem  a lo g ic a l re q u ire m e n t, 
b u t c o n s id e r in g  th e  th e n  re c e n t in t ro d u c t io n  o f the  j ig  g r in d e r ,  such  a 
s p e c if ic a t io n  re q u ire d  g re a t p e rc e p tio n  b y  m a nag em en t. A t  th is  t im e , 
th e  j ig  b o r e r  was a ls o  e n la rg e d  and im p ro ve d ,, w ith o u t doubt, the 
b a s ic  lo c a t in g  fe a tu re s  o f the  j ig  g r in d e r  e vo lved  f r o m  and a re  id e n t i­
c a l w ith  th e  j ig  b o re r .  H o w e ve r, the  j ig  g r in d e r  is  c o n s id e re d  b y  
som e to  be m o re  a c c u ra te  o r  m o re  s o p h is tic a te d  th a n  th e  j ig  b o re r ,  
and m a y  p o s s ib ly  be a ttr ib u te d  to  th e  h ig h e r  f in is h  a ch ie ve d  w ith  
g round  s u r fa c e s . I t  w as a t th is  t im e  d u r in g  th e  1950s, th a t M o o re , on 
the  b a s is  o f h is  now w id e  e x p e rie n c e  w ith  the  j ig  b o r e r  and j ig  g r in d e r ,  
deve loped  h is  f i r s t  u n iv e rs a l m e a s u r in g  m a ch in e . T h is  new m e a s u r­
in g  m a ch in e  was a lm o s t id e n t ic a l in  appearance  to  th e  j ig  b o re r  bu t 
i t s  fu n c tio n  was d if fe re n t  and th e re fo re  i ts  in n e r  m e c h a n is m s , a p a rt 
f r o m  th e  b a s ic  fra m e , w e re  q u ite  d if fe re n t  f r o m  e ith e r  th e  b o re r  o r  
g r in d e r .  J ig  b o re r  o w n e rs  in i t ia l ly  asked ” W hy is  th e  u n iv e rs a l 
m e a s u r in g  m a ch in e  n e c e s s a ry  a t a l l ,  g ive n  th e  a c c u ra c y  o f to d a y 's  
j ig  b o re rs ?  A r e n 't  o u r  j ig  b o re rs  s u ff ic ie n t f o r  any m e a s u r in g  task?  "  
T h e  a n s w e r m a y  be found  in  the  n a tu re  o f th e  j ig  b o r e r  i ts e lf ,  s in ce  i t  
e vo lve d  to w a rd s  a d e s ig n  w h ic h  seeks the  u lt im a te  in  p o s it io n in g  
a c c u ra c y  -  c e r ta in ly  one can m e a s u re  w ith  th e  j ig  b o r e r  and, indeed , 
the  v e ry  fu n c tio n  o f b o r in g  to  a c c u ra te  lo c a t io n  in v o lv e s  the  m e a s u r­
in g  p ro c e s s  and th e  m o s t a c c u ra te  in s p e c tio n  w h ic h  can be m ade o f a 
j ig -b o re d  p a r t ,  o u ts id e  o f a u n iv e rs a l m e a s u r in g  m a ch in e , is  on the  
j ig  b o r e r  a f te r  m a c h in in g .
H o w e ve r th e  j ig  b o re r  does have l im ita t io n s ,  n o ta b ly  in  i t s  co lu m n , 
h o us in g  and s p in d le  des ign , a lthough  the  sp in d le  m u s t be a c c u ra te  fo r
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m e a s u r in g  p u rp o s e s , i t  m u s t a ls o  be capab le  o f ta k in g  a s u b s ta n tia l 
m a c h in in g  cu t, th e re fo re  in c lu d e d  w ith  th e  re q u ire m e n t fo r  a c c u ra c y  
a re  th e  a d d it io n a l re q u ire m e n ts  o f r ig id i t y ,  r e l ia b i l i t y  and s e r v ic e ­
a b il i ty .  A n o th e r  unavo idab le  fa c to r  to  be ta ke n  in to  accoun t in  us in g  
a j ig  b o r e r  is  the  p re se n ce  o f heat p ro d u c in g  e le m e n ts , because o f 
the  h ig h  re v o lu t io n s  p e r  m in u te  in v o lv e d . T h e  s p in d le  b e a r in g s  have 
a ten d e ncy  to  w a rm  up and hea t f r o m  m o to rs , g e a rs , b e lts  and 
p u lle y s , im p o se  c e r ta in  m o d if ic a tio n s  in  d e s ig n . In  c o n tra s t, the  
d e s ig n  o f th e  m e a s u r in g  m a ch in e  is  co n ce n tra te d  a ro u n d  the  s in g u la r  
fu n c tio n s  o f m e a s u r in g  and, as a re s u lt ,  i t  is  m o re  a c c u ra te  and 
m o re  e f f ic ie n t .  I t  is  n a tu ra l th a t th e  m e a s u r in g  m a ch in e  -should 
" b o r ro w "  th o se  d e s ig n  p r in c ip le s  th a t c o n tr ib u te  to  a c c u ra c y  in  a j ig  
b o re r .  H o w e ve r, ju s t  as the  j ig  g r in d e r  is  a d is t in c t  typ e  o f m a ch in e , 
though  i t  " b o r ro w s "  f r o m  the  j ig  b o re r ,  so to o  is  th e  u n iv e rs a l m e a ­
s u r in g  m a ch in e . I t  is  q u ite  u n d e rs ta n d a b le  thu s  th a t D r .  F a ra g o  
w ou ld  d e s c r ib e  th is  m a ch in e  as a " J ig  b o re r - ty p e  m e a s u r in g  
m a c h in e " . (6)
A n o th e r  re a s o n  fo r  th e  e m e rg e n ce  o f th e  u n iv e rs a l m e a s u r in g  
m a ch in e  is  th e  fa c t th a t the  j ig  b o re r  cam e to  be in c re a s in g ly  used in  
in s p e c tio n  p ro c e s s e s . Some w e re  used to ta l ly  f o r  th a t p u rpo se  and i t  
w as in e v ita b le  th a t dem and w ou ld  a r is e  f o r  a m a ch in e  w h ich  w ou ld  
ju s t  m e a s u re , and w ith  a l l  the  c o n tro ls  and c a p a b ili t ie s  b u il t  in , do 
the  m e a s u r in g  job  m o re  e f f ic ie n t ly  w ith o u t u n n e c e s s a r ily  t ie in g  up an 
exp en s ive  m a te r ia l  c u tt in g  j ig  b o re r .  A  fu r th e r  re a s o n  fo r  in c re a s e d  
use o f th e  m e a s u r in g  m a ch in e  re la te s  to  the  need to  re m o v e  s p e c ia l 
u l t r a  a c c u ra te  p a r ts  f r o m  a m a c h in in g  e n v iro n m e n t in to  an e n v iro n ­
m en t devoted  e x c lu s iv e ly  to  in s p e c tio n . H e re  an in s p e c tio n  co u ld  be 
g ive n  to  th e  p a r t  in  a c lea n , te m p e ra tu re -c o n tro lle d  e n v iro n m e n t b y  a 
m a ch in e  des igned  s t r i c t l y  f o r  m e a s u r in g  and used b y  p e rs o n n e l w ith  
a s tro n g  ben t fo r  in s p e c tio n .
T o d a y  n e ith e r  M o o re  n o r  SIP a re  the  f r o n t  ru n n e rs  in  the  f ie ld  o f co ­
o rd in a te  m e a s u r in g  m a ch in e s  a lthough  th e y  b o th  co n tin u e  to  p roduce
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updated v e rs io n s  o f th e ir  o r ig in a l  m o d e ls  w ith  im p ro v e d  a c c u ra c ie s  
and a d d it io n a l p e r ip h e ra l equ ipm en t in  ke ep ing  w ith  th e  ra p id ly - 
a d van c in g  c o m p u te r te ch n o lo g y . D e s p ite  the  u n d isp u te d  h ig h  a c c u ra c y  
o f b o th  the  T r io p t ic  m o d e l f r o m  SIP and the  U n iv e rs a l m e a s u r in g  
m a ch in e  b y  M o o re , these  m e a s u r in g  m a ch in e s  have th e  d isadvan tage  
o f s m a ll ta b le  s iz e , le s s  speed o f m e a s u re m e n t and le s s  o v e ra l l  f le x ­
ib i l i t y  th a n  th e  c o m p e t it iv e  C M M s o ffe re d  b y  o th e r  f i r m s  in  to d a y 's  
c o -o rd in a te  m e a s u r in g  m a ch in e  m a rk e tp la c e . T h e  so c a lle d  " c o ­
o rd in a te  m e a s u r in g  m a c h in e s "  a re  o f a d if fe re n t  e v o lu tio n  f r o m  th a t o f 
th e  U n iv e rs a l o r  T r io p t ic  m e a s u r in g  m a ch in e . T h e y  have em e rg e d  
out o f the  need f o r  ch e ck in g  p a r ts  m ade in  p ro d u c tio n  to  thousands o f 
an in c h  to le ra n c e  (s e v e ra l h u nd re d th s  o f a m m ). P r io r  to  th e i r  in t r o ­
d u c tio n , i t  w as o fte n  the  case th a t i t  to o k  lo n g e r  to  m e a s u re  a p a r t 
th a n  to  p ro d u ce  i t .  T h is  was an in to le ra b le  c o n d it io n  w ith  h ig h  v o lu m e  
p ro d u c tio n  p a r ts .
D u r in g  th e  la te  1950s, F e r r a n t i  L t d . ,  in  E d in b u rg h , S co tland  des igned  
a s y s te m  know n as the  m o ire  f r in g e  s y s te m  (A p p e n d ix  C) w h ic h  was to  
g ive  a te c h n o lo g ic a l b re a k th ro u g h  to  the  p ro b le m  o f a c c u ra te ly  re c o rd ­
in g  p re c is e  m e a s u re m e n t o f t r a v e l  and about 1959, F e r r a n t i  L td . ,  
launched  th e i r  f i r s t  c o -o rd in a te  m e a s u r in g  m a ch in e  know n as the  F l -  
22. T h is  e a r ly  m a ch in e  was o f a d if fe re n t  c o n s tru c t io n  f r o m  bo th  
S IP 'S  T r io p t ic  and M o o re 's  U n iv e rs a l m e a s u r in g  m a c h in e s . Indeed  
i ts  c a n t i le v e r  open th ro a t  d e s ig n  was to  be the  fo re ru n n e r  f o r  m any  
m o re  o rg a n is a tio n s  who e n te re d  the  C M M  m a rk e t in  th e  m id  and la te  
1960s. T h e  F e r r a n t i  F l - 2 2  w as des igned  f o r  v e r y  q u ic k  m e a s u r in g  o f 
d is ta n ce s  be tw een  h o le s  w ith  an a c c u ra c y  o f + . 001 in . (+ , 02m m ). A  
lo c a t in g  to o l is  d is p la c e d  t r a n s v e rs a l ly  a long  an a rm  w h ic h  can i t s e l f  
be d is p la c e d  lo n g itu d in a lly .  T h e  p o s it io n  o f the  lo c a t in g  ta p e r  in  r e ­
la t io n  to  th e  c o -o rd in a te  axes x  and y , a re  re a d  d ir e c t ly  on a d is p la y  
pane l. T h e  m e a s u r in g  re fe re n c e  is  a g lass  g ra t in g  b e a r in g  500 lin e s  
p e r  in ch . M e a s u re m e n ts  to  the  n e a re s t . 0005" a re  m ade b y  a p h o to ­
e le c t r ic  se n s in g  u n it w h ich  senses bo th  the  am oun t and th e  d ire c t io n  
o f the  p ro b e  m o vem en t (7 ). L e itz  o f W est G e rm a n y  in tro d u c e d  th e ir
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L e i t z -S tra s m a n n  u n iv e rs a l m e a s u r in g  m a ch in e  about 1963, T h is  was 
d e s c r ib e d  as a good w o rk s h o p  m a ch in e  e s p e c ia lly  des igned  fo r  m e a ­
s u r in g  s c re w s  and hobs. (See p la te  No: 2 .1 , page 55). A s  the  
m a rk e t fo r  3 c o -o rd in a te s  m e a s u r in g  m ach in e s  expanded v e ry  ra p id ly  
in  th e  m id  1960s, m a n y  w e ll-k n o w n  m e a s u r in g  e q u ip m e n t m a n u ­
fa c tu re rs  such as C. E . Johannson o f Sweden and C a r l  Z e is s  o f W est 
G e rm a n y  got in to  the  b u s in e s s . T h e y  w e re  jo in e d  b y  m a n y  new nam es 
w ho w e re  to  s p e c ia lis e  in  th e  C M M  f ie ld  (9). F o r  e xa m p le . D ig i ta l  
E le c tro n ic  A u to m a tio n  (D E A ) I ta ly ,  a re  to day  one o f th e  la rg e s t  p ro ­
d u c e rs  o f C M M  and c e r ta in ly  th e y  a re  the  m a n u fa c tu re rs  o f the  la rg e s t  
typ e s  o f C M M  in  th e  w o r ld . A s  an e xam p le  o f-q u a n tity , a d e ta ile d  
accoun t o f th e  D E A  sa le s  is  g iv e n  b e lo w . C o n s id e r in g  th a t D E A  is  
o n ly  one o f 24 d if fe re n t  com pan ie s  m a n u fa c tu r in g  a ro u n d  th e  w o r ld  in  
9 d if fe re n t  c o u n tr ie s , i t  g ive s  som e in d ic a t io n  o f th e  new m ag n itu d e  
o f th is  to ta l  m a rk e t .
T A B L E  No: 2 .1
D E A  SALES O F C O -O R D IN A T E  M E A S U R IN G  M A C H IN E S  AS A T
1 3 T H J U N E , 197
M O D E L
C o u n try : B e ta : Io ta : G am m a: A lp h a D e lta : S igm a: T O T A L
I ta ly 112 46 32 5 9 6 210
U n ite d  K in g . 29 2 4 1 1 0 37
B e n e lu x 4 3 5 0 2 0 14
F ra n c e 32 24 17 4 4 1 82
G e rm a n y 24 32 30 5 5 11 107
Spain 7 4 2 0 0 0 13
E , E u r ,b lo c k 45 27 37 17 19 10 155
S cand inav ia 11 7 6 1 1 0 26
A m e r ic a 65 33 3 2 0 3 106
T o ta l M / c s : 329 178 136 35 41 31 750
S ource  o f above data -  le t te r  to  the  a u th o r f r o m  S andro  D e l S a rto , 
N o rth  E u ro p e a n  Sales M a n a g e r, D ig i ta l  E le c tro n ic  A u to m a tio n ,
C o rs o , T u r in o ,  I t a ly  dated 13th  June, 1977. A p a r t  f r o m  the  sa le s  to  
th e ir  hom e c o u n try  I ta ly ,  i t  is  in te re s t in g  to  no te  the  sa le s  ach ieved  
to  the  E a s t E u ro p e a n  b lo c k  c o u n tr ie s  in  c o m p a ris o n  to  the  W est, 
e s p e c ia lly  B r i ta in ,  d e sp ite  i ts  h ig h  de gree  o f in d u s t r ia l  de ve lo p m en t.
(See A p p e n d ix  B fo r  a c h ro n o lo g ic a l b re akd o w n  o f th e  h is to r y  and 
d e ve lo p m e n t o f m e a s u r in g  m a ch in e s ). -4 4 -
2. 3. IN D U S T R IA L  M E T R O L O G Y  T O D A Y
T o  c o r r e c t ly  d e s c r ib e  th e  re la t io n s h ip  o f th e  m e a s u r in g  m a ch in e  to  
o th e r  s ys te m s  w ith in  the  o v e ra l l  f ie ld  o f m e tro lo g y , i t  becom es im ­
p o r ta n t to  b r ie f ly  d e s c r ib e  these  s ys te m s  as a b a c k c lo th  to  the  m o re  
d e ta ile d  re s e a rc h  on th e  use o f m e a s u r in g  m a ch in e s . In d u s t r ia l  
M e tro lo g y  to d a y  has e ig h t b a s ic  m ethods - th ese  a re  l is te d  be lo w ;
1. In s p e c tio n  w ith  p la in  o r  l im i t  gauges.
2. M e a s u re m e n ts  w ith  s l id in g  c a lip e r  o r  m ic ro m e te r .
3. M e a s u re m e n ts  b y  m eans o f b lo c k  gauges.
4. M e a s u re m e n ts  b y  c o m p a r is o n  w ith  a re fe re n c e  p ie ce .
5. P u re  o p t ic a l m e a s u re m e n ts .
6. M e a s u re m e n ts  on m e a s u r in g  m a ch in e s .
7. In te r fe r o m e t r ic  m e a s u re m e n ts .
8. L a s e r .
1. In s p e c tio n  w ith  p la in  o r  l im i t  gauges;
T h is  m e thod  is  o fte n  th e  m o s t adequate f o r  m ass p ro d u c tio n  so lon g  as 
th e  p re s c r ib e d  to le ra n c e s  a re  not to o  c lo se , i t  can  be used b y  non 
q u a lif ie d  m a n p o w e r. In  the  case o f the  u su a l to le ra n c e s , th e re  is  no 
h e s ita t io n . T h e  "G o "  and "N o t G o " gauges d e te rm in e  w h e th e r the  p a r t 
is  accep ted  o r  re je c te d , b u t up to  w hat deg ree  o f a c c u ra c y  is  th is  
p ro c e d u re  v a lid ?  One o f i ts  w eak p o in ts  is  th a t i t  is  s u b je c tiv e  -  i t  
depends on th e  " fe e l"  o f th e  o p e ra to r  and i t  is  know n  th is  leads to  
ra th e r  im p o r ta n t d is p e rs io n  e r r o r s .  A n o th e r w eakness o f the  p ro ­
ce d u re  l ie s  in  th e  r e la t iv e ly  ra p id  w e a r o f th e  gauges w h ic h  n e c e s s i­
ta te s  a co n s ta n t check  and th e re fo re  in  the m a ch in e  shop e v e ry  w o rk in g  
gauge shou ld  unde rgo  in s p e c tio n  each fo r tn ig h t .
2. M e a s u re m e n ts  w ith  s l id in g  c a lip e r  and m ic r o m e te r :
T h e re  is  not m uch  to  be sa id  about the  s lid in g  c a l ip e r  w h ich  is  p a r t  o f
the  se t o f the  m a c h in is t,  i ts  m e a s u r in g  a c c u ra c y  v a r ie s  f r o m  0. 005 in .
(0. 1 m m ) to  0. 001 in . (0, 02 m m ) a c c o rd in g  to  i ts  q u a lity .  A  good
s c re w  m ic ro m e te r  w i l l  a llo w  d im e n s io n s  up to  2 in che s  (50 m m ) to
be gauged to  0. 00005 o r  0. 0001 in c h  ( 1  or 2j u  m )? A b o ve  th is  s iz e ,
th e  u n c e r ta in ty  ra p id ly  in c re a s e s  fo r  the  fo llo w in g  re a so n s ;
/  . . .  (*  /U = a b b re v ia t io n  re p re s e n tin g  a m i l l io n th  o f a m e te r ) ,  
/ . . . . ( y  /  -45-
A , O v e rh e a tin g  o f the  gauge h e ld  in  the  hand o r  s im p ly  th ro u g h  the  
c o rp o ra l heat ra d ia te d  by  th e  o p e ra to r .
B . H eavy  com ponen ts  a re  d i f f ic u l t  to  be c o r r e c t ly  p la ce d  be tw een  
th e  a n v ils  and have a te n d e ncy  to  ja m .
C. L a c k  o f r ig id i t y  o f the  la rg e  m ic ro m e te rs .
D, U n c e r ta in ty  o f th e  in i t ia l  s e tt in g  in c re a s in g  w ith  th e  s iz e  o f the  
m ic ro m e te r ,
3. M e a s u re m e n ts  b y  m eans o f se ts  o f gauge b lo c k s :
Gauge b lo c k s  a re  th e se  p la n e  p a r a l le l  gauges-w h ich  can be a sse m b le d  
to g e th e r b y  m e re  a d he re nce  -  i t  was Johansson , a S w edish  m a n u ­
fa c tu r e r  who, in  1865, f i r s t  deve loped  these  m e a s u r in g  m e d ia  w h ich  
b ro u g h t about a new advance in  in d u s t r ia l  m e tro lo g y , (7 ), T o d a y , 
gauge b lo c k s  a re  a v a ila b le  a l l  o v e r  the  w o r ld  and th e y  a re  m a nu ­
fa c tu re d  w ith  a v e ry  h ig h  d e g re e  o f a c c u ra c y  (one m i l l io n th  o f an in ch  
o r  a fe w  h u n d re d th s  o f ^  m , f o r  th e  b e s t m a ke s ). B lo c k  gauges in  
good c o n d it io n  can be w ru n g  to g e th e r to  o b ta in  th e  n o m in a l s iz e  o f th e  
d im e n s io n  to  be te s te d . T h e  la t t e r  is  then  c o m p a re d  as an a s s e m b ly  
b y  m eans o f d ia l  in d ic a to rs  o r  m e c h a n ic a l, o p t ic a l,  e le c tro n ic  o r  
p n e u m a tic  c o m p a ra to rs , on. som e o f w h ich , a p re c is io n  o f 4 m il l io n th s  
o f an in c h  (o r  0 .1  yum ) can be a tta in e d . T h e  m e thod  is  e x c e lle n t, 
ra p id  and p re c is e , p ro v id in g  th e  d im e n s io n s  to  be te s te d  do not 
r e q u ire  th e  use o f too  m a n y  b lo c k s . T h a t is  w hy  i t  is  u n iv e rs a lly  
used. U n fo r tu n a te ly  the  b lo c k s  a re  s u b je c t to  w e a r and te a r ,  the  
edges a re  r a p id ly  im p a ire d  b y  s lig h t knocks r e s u lt in g  in  b u r r s  w h ic h  
m ake  a s s e m b ly  d i f f ic u l t  and le s s  a c c u ra te .
4. C o m p a r is o n  w ith  a re fe re n c e  p ie ce :
In  th is  case th e  gauge b lo c k s  m e n tion e d  above a re  re p la c e d  b y  a 
re fe re n c e  p ie c e . T h is  m e thod  can be re co m m e n d e d  fo r  the  in s p e c t­
io n  o f p a r ts  w h ic h  a re  p e r io d ic a l ly  p ro du ce d  in  la rg e  b a tc h e s . I t  
p ro ve s  to  be e c o n o m ic a l, fo r  in s ta n ce , w hen m a n u fa c tu r in g  gauges, 
w h e re  one o r  tw o  se ts  o f re fe re n c e  gauges a llo w  th e  w ho le  p ro d u c tio n  
to  be c o m p a re d  b y  m eans o f r e la t iv e ly  in e x p e n s iv e  m ic ro - in d ic a to r s  
and s u p p o rts . -4 6 -
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In a c c u ra c ie s  to  be accoun ted  f o r  a re  the  fo llo w in g :
A . U n c e r ta in ty  re g a rd in g  th e  exact d im e n s io n  o f th e  re fe re n c e  p ie ce  
i ts e lf ,  as th e  la t te r  is  g e n e ra lly  n e ith e r  m a ch in e d  n o r m e a su re d  
w ith  the  sam e d eg re e  o f p re c is io n  as a b lo c k  gauge.
B . T h e  re fe re n c e  p ie c e  is  m o s t o ften  m ade o f h a rde n e d  s te e l, the  
s ta b i l i t y  o f w h ic h  is  d o u b tfu l.
C. R is k  o f w e a r w h ich , n e v e rth e le s s , is  le s s  th a n  in  th e  case o f 
gauge b lo c k s  o r  o th e r  gauges. T h e  m a jo r  t r o u b le  l ie s  in  the  
o b lig a t io n  o f ke e p in g  in  s to ck  a n u m b e r o f re fe re n c e  p ie ce s  equa l 
to  the  d if fe re n t  p a r ts  m a ch ined ,
5. P u re  o p t ic a l m e a s u re m e n ts :
T h is  is  m e a s u r in g  and gaug ing  w o rk  as p e r fo rm e d  on p r o f i le  p r o je c t ­
o rs . In s p e c tin g  c o n to u r o f p a r ts  o f c o m p lic a te d  fo r m  can o n ly  be 
c a r r ie d  out s a t is fa c to r i ly  on a p r o f i le  p ro je c to r ,  the  c la s s ic a l m e thod  
c o n s is ts  in  p ro je c t in g  th e  m a g n if ie d  im a g e  o f th e  o b je c t onto  a s c re e n  
and c o m p a r in g  th e  im a g e  w ith  a m a s te r  c h a r t tra c e d  on tra n s p a re n t 
p a p e r, th e  c o n to u r m u s t be o u tlin e d  a t th e  exac t m a g n ify in g  r a t io  o f 
th e  p ro je c t io n . D is c re p a n c ie s  be tw een  th e  im a g e  and th e  re fe re n c e  
d ra w in g  a re  a s c e rta in e d  b y  ta k in g  re a d in g s  on a g la ss  s c a le  o r  t ra c in g  
th e  p re s c r ib e d  to le ra n c e s , d ir e c t ly  on th e  g ra p h . S ilh o u e tte  o r  s u rfa c e  
p ro je c t io n  can be ob ta ined  as re q u ire d  on m o s t p ro je c to rs  bu t w ha t is  
th e  a c c u ra c y  to  be expected  w ith  th is  m ethod? T h e  m e a s u r in g  
a c c u ra c y  a ch ie ve d  on the  s c re e n  b y  m eans o f g la ss  sca le s  is  in  the 
ra n ge  o f 0, 005 in c h  (0 .1  m m ). T h e  m a g n ify in g  p o w e rs  g e n e ra lly  
a v a ila b le  a re  lO X , 2OX, 5OX and 10OX, w h ich  shou ld  c o rre s p o n d  to  
m e a s u r in g  a c c u ra c ie s  o f 5, 2|-, 1 and j  te n th s  (10, 5, 2 and 1 m . ) 
re s p e c t iv e ly .  In  p ra c t ic e  h o w e ve r the  5OX and lOOX m a g n if ic a tio n s  
do not p ro v id e  a s u ff ic ie n t sha rpn e ss  o f th e  im a g e  to  a llo w  re a d in g s  
to  0. 005 in c h  (0 .1  m m ) and a c tu a l m e a s u r in g  a c c u ra c ie s  o f re s p e c t iv e ­
ly  5, 2j ,  I j -  and 1 te n th s  (10, 5, 3 and 2 y /m . ) m u s t be accep ted .
T h is  la c k  o f im a g e  sh a rpness  is  not to  be a s c r ib e d  to  th e  p ro je c to r  
i t s e lf ,  b u t to  th e  fa c t th a t, in  m o s t cases, th e  c o n to u r o f the  o b je c t 
is  not s h a rp . O n ly  sh a rp  edges can p ro v id e  w e ll  d e fine d  im a g e s .
T h e  m a in  in c o n v e n ie n c e  o f p ro je c to rs  is  th e  fo llo w in g :
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T h e  g re a te r  the  p re s c r ib e d  a c c u ra c y , the  h ig h e r  th e  m a g n ify in g  
p o w e r to  be used , b u t th e  s iz e  o f the  s c re e n  b e in g  unchangeab le , the  
d im e n s io n s  to  be gauged a re  r e s t r ic te d  to  i ts  l im i t s .
6. M e a s u r in g  M a ch in e s ;
In  a m o d e rn  fa c to ry  th e  m e a s u r in g  m a ch in e  c o n s titu te s  th e  p e rm a n e n t 
m e tro lo g ic a l b a s is  o f th e  in s p e c tio n  d e p a rtm e n t. I t  is  o f c o u rs e  not 
used f o r  ch e ck in g  th e  w ho le  p ro d u c tio n  and does not re p la c e  the  u su a l 
gauges and c o m p a ra to rs , b u t i t  is  co n su lte d  in  any dub ious cases. 
F u r th e rm o re  i t  s e rv e s  fo r :
A . P e r io d ic a l  in s p e c tio n  o f the  w ho le  se t o f gauges and re fe re n c e  
p ie ce s  o f th e  p la n t.
B . M e a s u re m e n ts  f o r  w h ic h  th e  use of gauges does not e n su re  
enough a c c u ra c y .
C. M e a s u r in g  p ro to ty p e  com ponents  o r  s m a ll ba tches  o f w o rk p ie c e s  
f o r  w h ic h  th e  m a k in g  o r  p u rc h a s in g  o f gauges w o u ld  not be 
ju s t i f ie d .
T h e re  a re  tw o  m a in  typ e s  o f m e a s u r in g  m a ch in e s :
1. L in e a r  o r  a x ia l m a ch in e s .
2. T w o  o r  th re e  c o -o rd in a te s  m a ch in e s .
T h e  fu n d a m e n ta l m e a s u r in g  e le m e n t o f a m e a s u r in g  m a ch in e  can be, 
f o r  each c o -o rd in a te , a m ic ro m e te r  s c re w  o r ,  in  th e  m o re  advanced 
m a ch in e s  w h ic h  w i l l  be d iscu sse d  la te r ,  th e  M o ire  f r in g e  o p t ic a l 
sca le  te ch n iq u e , a se t o f gauge b lo c k s  o r  end gauges, o r  even a 
s ta n d a rd  sc a le . I t  seem s h o w e ve r th a t the  s ta n d a rd  s c a le  o f fe rs  the  
g re a te s t advan tages: th e  s ta n d a rd  sca le  is  re a d  b y  m eans o f a m ic r o ­
scope. I t  is  f u l ly  p ro te c te d  a g a in s t shocks, d us t and w e a r. I t  does 
not need to  be m ade o f h a rd  m e ta l. M a te r ia l  o f g re a te s t s ta b i l i t y  can 
be chosen. A n  a c c u ra c y  o f + 0. 00002 in . (0. 5 yv m , ) can be ob ta ined  
w ith  a good d iv id in g  m a ch in e  on a le n g th  o f 40 in  (1 m e tre ) .  T h is  
c o rre s p o n d s  to  a m e a s u r in g  e r r o r  o f 0. 00004 in  (1 m , )  in  the  m o s t
u n fa v o u ra b le  case. In  a w e ll des igned  m a ch in e  c e r ta in  fu n d a m e n ta l 
p r in c ip le s  m u s t be a d he red  to : in  a x ia l m a ch in e s , th e  m e a s u r in g
a n v ils  m u s t be in  t r u e  a lig n m e n t w ith  th e  m e a s u r in g  e le m e n t, s c re w
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o r  s c a le . On a tw o  o r  th re e  c o -o rd in a te s  m a ch in e
th is  p r in c ip le  cannot be o b se rve d  bu t the  p a ra l la x  be tw een  th e  o b je c t 
and the  m e a s u r in g  e le m e n t has to  be re d uce d  to  a m in im u m . T h e  bed 
has to  be r ig id  enough to  a vo id  f le x u re , w h a te v e r th e  p o s it io n  o f the  
m e a s u r in g  c a r r ia g e , and m u s t be su p po rte d  on th re e  p o in ts  so as to  
be f re e  f r o m  any uneveness o r  d e fo rm a tio n  o f the  f lo o r  o r  the  ta b le  
on w h ic h  i t  re s ts .
T h e  m e a s u r in g  p re s s u re  has to  be ju d ic io u s ly  chosen , s u ff ic ie n t so 
th a t s m a ll  p a r ts  a u to m a t ic a lly  ta ke  up a c o r re c t  p o s it io n  be tw een  the  
a n v ils , y e t s m a ll  enough to  re d u c e  to  a m in im u m  th e  p o s s ib i l i t y  o f 
d e fo rm in g  th e  p a r t  to  be m e a s u re d . L a s t ly ,  i t  is  m o s t im p o r ta n t to  
e lim in a te  as fa r  as p o s s ib le  any d e tr im e n ta l s o u rc e  o f hea t o r ,  i f  th is  
canno t be done, to  p ro v id e  fo r  an a p p ro p r ia te  v e n t i la t io n . A s  m e a s u r­
in g  m a ch in e s  a re  th e  c e n tra l te c h n o lo g y  s tu d ie d  in  th is  re s e a rc h  th e n  
th e  above b r ie f  in t ro d u c t io n  w i l l  s u ff ic e  a t th is  t im e  and a m o re  
d e ta ile d  d is c u s s io n  w i l l  fo l lo w  in  th is  c h a p te r.
7. In te r fe r o m e t r ic  M e a su re m e n ts
T h e re  is  som e h e s ita t io n  to  c la s s ify  in te r fe r o m e t r y  as an in d u s t r ia l  
m e a s u r in g  m e thod  f o r  the  s im p le  re a so n  th a t, up to  now , a p a rt f ro m  
its  use in  te s t in g  gauges, i t  has r a r e ly  been a p p lie d  to  o rd in a ry  
m e a s u re m e n ts . T h e  in te r fe ro m e te r  is  used f o r  la b o ra to ry  e x p e r i­
m e n ts  ra th e r  than  as an in d u s t r ia l  m eans o f m e a s u r in g , bu t, as 
now adays, the  w a l l  be tw een  la b o ra to ry  and w o rksh o p  is  b e co m in g  
m o re  and m o re  f r a g i le ,  in fe ro m e te rs  a re  f in d in g  a p p lic a tio n s  on the  
m a ch in e  shop f lo o r .  T h e  m a jo r  d isadvan tages l ie  in  th e  s low ness o f 
the  p ro c e d u re  w ith  the  com m on  types o f in te r fe ro m e te r  m a in ly  ow ing  
to  the  d ra s t ic  p re c a u tio n s  th a t have to  be ta ke n  in  o rd e r  to  e nsu re  the  
co n s ta n cy  o f the  w ave  le n g th  f r o m  the  l ig h t  s o u rc e , because  w ave 
le n g th  v a r ie s  b y  w ay  o f a m b ie n t a i r  te m p e ra tu re , c a rb o n  d io x id e  
co n ten t, h u m id ity  and b a ro m e tr ic  p re s s u re .
8. L a s e r  -  P r in c ip le  o f the  L a s e r  I n te r f e r om e te r : 
I r  
/.
n  o rd e r  to  m e a s u re  le n g th  o r  d is p la c e m e n t in  te rm s  o f the  w a ve -
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le n g th  o f a p a r t ic u la r  m o n o c h ro m a tic  s o u rce , i t  is  n e c e s s a ry  to  use 
an o p t ic a l s y s te m  w h e re b y  in te r fe re n c e  fr in g e s  can be fo rm e d  and 
counted  e le c t ro n ic a lly .  F o r  such m e a su re m e n ts  th e  e a r l ie r  la s e r  
in s tru m e n ts  used a s y s te m  based upon the  M ic h e ls  on in te r fe ro m e te r .  
T h e  p r in c ip le  o f th is  is  shown s c h e m a tic a lly  in  (F ig u re  2. 2%The beam  
f r o m  the  m o n o c h ro m a tic  s o u rc e  is  s p l i t  a t 'A ' b y  a s e m i- r e f le c to r  
and p a r t  o f th is  t ra v e ls  a long  pa th  A E F D  w h ile  th e  o th e r  p a r t  t ra v e ls  
a long  pa th  A B C D . T h e  tw o  beam s re -c o m b in e  a t D and a re  re c e iv e d  
b y  the  photo  d iod e . I f  now the  r e f le c to r  m oves b y  a d is ta n ce  e q u iva ­
le n t to  h a lf  th e  w ave le n g th  o f l ig h t  ( ^  2) then  th e  p a th  A B C D  w i l l  
change b y  ^  and hence th e  v a r ia t io n  in  the  in te n s ity  at D due to  th e  
in te r fe re n c e  o f the  tw o  beam s w i l l  pass th ro u g h  a co m p le te  c y c le . 
T h is  m eans th a t a c y c l ic  change in  the  in te n s ity  a t D is  caused b y  the  
m o ve m e n t o f th e  r e f le c to r ,  and th is  is  d e tec ted  b y  th e  photo  d iode  and 
co n v e rte d  in to  th e  e q u iva le n t d is ta n ce  t ra v e lle d  b y  th e  r e f le c to r .  T h e  
use of r e f le c to r s  in  th e  fo r m  o f c o rn e r  cubes ra th e r  th a n  p lane  
m i r r o r s  m akes th e  s e t-u p  e a s ie r  and le s s  s e n s it iv e  to  s m a ll t i l t s  o f 
the  r e f le c to r ,  A  p ro b le m  e n cou n te red  w ith  th is  s y s te m  w hen used fo r  
te s t in g  m a ch in e  to o ls  o r  m e a s u r in g  m a ch in e s  m a y  be s p u r io u s  co u n t­
in g  o f th e  f r in g e s  due to  in te n s ity  changes w h ic h  a re  caused b y  s m a ll 
m is a lig n m e n ts  and tu rb u le n c e .
M o s t o f such  p ro b le m s  have now been o ve rco m e  b y  th e  s y s te m  ad op t­
ed b y  H e w le tt P a c k a rd . T h e  p r in c ip le  o f th is  is  show n in  (F ig u re  2. 3) 
T h e  la s e r  s o u rc e  e m its  tw o  co h e re n t re d  l ig h t  beam s o f fre q u e n c ie s  
P i  and F 2 w h ic h  d i f fe r  in  fre q u e n c y  by  2 M H ^ and a re  o f oppos ite  
p o la r is a t io n . A f t e r  c o ll im a t in g  and expand ing  th e  beam , a p o r t io n  is  
s p l i t  in to  a f ix e d  r e f le c to r  and d ire c te d  onto a p h o to d e te c to r. S ince 
the  tw o  fre q u e n c ie s  a re  p o la r is e d  th e y  can e a s ily  be f i l te r e d  and such 
a f i l t e r  passes o n ly  F 2 a long  th is  pa th . T h e  t ra n s m it te d  beam  is  
re f le c te d  f r o m  th e  m o va b le  c o rn e r  cube r e f le c to r  and f i l t e r e d  to  
co n ta in  o n ly  th e  p o la r is e d  F i  beam . A n y  m o ve m e n t o f the  r e f le c to r  
a long  the  a x is  o f the  beam  F i  D o p p le r s h if ts  th e  s ig n a l fre q u e n c y  
about F i .  T h is  D o p p le r  s h if te d  s ig n a l com b ines  w ith  F 2 at the  p h o to ­
d e te c to r  to  g e n e ra te  fr in g e s  at th e  beat fre q u e n c y  be tw een  these  tw o  
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s ig n a ls . T h e  re fe re n c e  fre q u e n c y  is  ob ta ined  a t the  second p h o to ­
d e te c to r  b y  th e  b ea t fre q u e n c y  be tw een  and F 2 . T he  re fe re n c e  and 
D o p p le r  s h if te d  s ig n a ls  a re  the n  a m p lif ie d , doub led  and t ra n s m it te d  
to  tw o  c o u n te rs  w h e re  th e  d if fe re n c e  in  f r in g e  counts  is  d e te rm in e d .
A  c a lc u la to r  c o n v e rts  th is  m e a s u re  in to  u n its  o f le n g th . H e w le tt 
P a c k a rd  la s e r  in te r fe ro m e te rs  a re  used e x te n s iv e ly  f o r  th e  c a lib ra t io n  
o f m o s t c o -o rd in a te  m e a s u r in g  m a ch in e s .
/ • • •  —53 —
2. 4 T Y P E S  O F M E A S U R IN G  M A C H IN E S  IN  USE 
A lth o u g h  th is  s tu d y  is  co n ce rn e d  w ith  c o -o rd in a te d  m e a s u r in g  
m a ch in e s  in  p a r t ic u la r  i t  w ou ld  be u se fu l to  exa m in e , i f  o n ly  b r ie f ly ,  
the  c o m p le te  s p e c tru m  o f fo u r  types  o f m e a s u r in g  m a ch in e s  b e fo re  
d e ve lo p in g  the  v a r io u s  op tions  s p e c if ic a l ly  w ith in  th e  c o -o rd in a te d  
m e a s u r in g  m a ch in e  f ie ld ,
1, S in g le -A x is  M e a s u r in g  M a ch in e  (P la te  No. 2 . 1)
T h re e  g e n e ra l typ es  o f s in g le -a x is  m e a s u r in g  m a ch in e s  a re  con ­
s id e re d , re p re s e n tin g  d is t in c t iv e  sy s te m s  and d if fe re n t  ranges  o f 
m e a s u r in g  c a p a b ili t ie s .  T h e se  types d i f f e r . p r im a r i ly  in  tw o  b a s ic  
re s p e c ts ; n a m e ly , th e  s ta g in g  o f the  sp e c im e n  and the  s y s te m  o f 
le n g th  m e a s u re m e n t. T h e  f i r s t  g ro u p  c o m p ris e s  in s tru m e n ts  w h ic h  
u t i l is e  a m a s te r  s c a le  a tta ch e d  to  th e a x ia l ly  m o va b le  v e r t ic a l  m e a s u r ­
in g  s p in d le , th e  v e r t ic a l  a rra n g e m e n t p e rm its  lo c a t in g  th e  sp e c im e n  
on a s ta g in g  ta b le  w h ic h  a ls o  s e rv e s  as the  d a tum  p la n e  f o r  th e  le n g th  
m e a s u re m e n t. T y p ic a l o f the  g ro up  is  the  L e itz  o p t ic a l le n g th  m e a s u r­
in g  m a ch in e . In c id e n ta lly ,  in s tru m e n ts  o f th is  g ro u p  re s e m b le  c lo s e ly  
the  m e a s u r in g  m a ch in e  des igned  in  1890 b y  E rn s t  A b b e ,th e  o r ig in a to r  
o f a m e a s u r in g  p r in c ip le ,  s t i l l  f re q u e n t ly  quoted  and o f u ncha llenged  
c o r re c tn e s s , w h ic h  c a lls  fo r  the  a lig n e d  a rra n g e m e n t o f th e  sp e c im e n  
and o f th e  m a s te r  sca le . T h e  second g ro up  c o m p ris e s  th e  h o r iz o n ­
ta l ly  a rra n g e d  m e c h a n ic a l le n g th  m e a s u r in g  m a c h in e s . T h ese  m a ch in e s  
h a v in g  a th re a d e d  m e a s u r in g  s p in d le  f o r  m a s te r  e le m e n t, re s e m b le  
in  th e  b a s ic  p r in c ip le s  o f th e i r  o p e ra tio n  a s ta t io n a ry  m ic ro m e te r ,  
a lthoug h  in  a h ig h ly  re f in e d  v a r ie ty  w ith  s u b s ta n t ia lly  upgraded  d is ­
c r im in a t in g  p ro p e r t ie s .  Im p o r ta n t fe a tu re s  in c lu d e  th e  in te g ra l s ta g in g  
ta b le  and th e  v a r ia b le  re fe re n c in g  p o s it io n  o f th e  ta i ls to c k  w h ic h  in ­
c o rp o ra te s  th e  m e a s u r in g  a n v il.  T he  th i r d  g ro u p  com b in es  the  
c h a ra c te r is t ic s  o f p u re ly  o p t ic a l d is ta n ce  m e a s u re m e n t w ith  th e  a d ­
van tages o f a h o r iz o n ta l s ta g in g  and independent d a tum  m e m b e r. T h is  
s y s te m  o f m e a s u r in g  m ach in e s  o r ig in a te s  f r o m  C a r l  Z e is s  and s t r i c t ­
ly  adhe res  in  i ts  d e s ig n  to  the  above m e n tion e d  le n g th  m e a s u r in g  
p r in c ip le s .  T h e  Z e is s  p la n ts  in  b o th  p a r ts  o f G e rm a n y  a re  c u r re n t ly  
m a n u fa c tu r in g  im p ro v e d  v e rs io n s  o f th is  typ e  o f m e a s u r in g  m a ch in e .
I  -5 4 -
P L A T E  No; 2.1
THE SINGLE-AXIS MEASURING MACHINE
M e a su re s  o u ts id e  and in s id e  le n g th  on p re c is io n  s c a le s , g e a r 
ra c k s , lead  s c re w s , th re a d e d  sp in d le s .
DATA
Coarse scale reads to
Fine scale reads to
Precision dial gauge scale reads to
Apparent width of fine scale's divisions
Apparent width of dial gauge divisions
M easuring Ranges
1 -M etre Length Measuring Machine
3 - Metre Length Measuring Machine
Precision dial gauge
Approx. measuring pressure
100 mm 
0.1 mm 
1 micron 
7.5 mm 
1 mm
0 -1 0 0 0  mm 
0—3000 mm 
± 1 0 0  microns 
200 g
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P ro m  th e  u s e r 's  p o in t o f v ie w , one o f the  e s s e n tia l aspec ts  in  s e le c t­
in g  m e a s u r in g  eq u ip m en t is  the  scope o f i ts  a p p l ic a b i l i ty ,  th a t is ,  the  
a r r a y  o f b a s ic  m e a s u r in g  p ro ce sse s  w h ich  can be c a r r ie d  out w ith  
any s p e c if ic  c a te g o ry  o f in s tru m e n t.
2. C o -o rd in a te  M e a s u r in g  M a ch in e s  (P la te  2. 2)
T h e  d e ve lo p m en t, in  re c e n t y e a rs  o f d is p la c e m e n t m e a s u r in g  dev ice s  
w h ich  p ro v id e  d ig ita l  re a d o u t f o r  the  d is ta n ce  t r a v e l le d  b y  a m o va b le  
m a ch in e  n ie m b e r, b ro u g h t in to  be in g  a new concep t o f m e a s u r in g  
m a ch in e s . In  th e se  in s tru m e n ts , the  t r a v e l l in g  m e m b e r o f gauge 
head w ith  th e  m oun ted  se n s in g  p ro b e , is  gu ided  a long  tw o  s tra ig h t 
l in e  pa ths w h ic h  a re  co n ta in e d  in  a com m on  p lan e  and a re  m u tu a lly  
p e rp e n d ic u la r ,  re p re s e n tin g  th e  x  and y  axes o f a re c ta n g u la r  s y s te m  
o f c o -o rd in a te s . O p tio n a lly , a th ir d  (z) a x is , in  a d ire c t io n  n o rm a l 
to  th e  p lane  o f th e  x  and y  axes, can a lso  be p ro v id e d  in  s e v e ra l 
m o d e ls  o f th e se  m a ch in e s . T h e  gu idew ays o f the  t r a v e l l in g  head a re , 
depend ing  on th e  p a r t ic u la r  m o d e l, e ith e r  o f a c a n t i le v e r  o r  o f a 
b r id g e - ty p e  d e s ig n  and p e rm it  a n e a r ly  f r ic t io n le s s  d is p la c e m e n t o f 
the  head b y  a p p ly in g  a v e ry  s m a ll fo rc e . F o r  th e  fu n c tio n  o f r e f e r ­
enc ing , th a t is ,  lo c a t in g  on the  p a r t  o f th e  b o u n d a ry  p o in ts  o f the 
d is ta n ce s  b e in g  m e a su re d , co n ta c t p robe s  o f a ta p e re d  p lu g  fo rm  a re  
the  m o s t c o m m o n ly  used e le m e n ts . T h e se  p ro b e s  a re  su p p lie d  in  an 
e x te n s iv e  ra n g e  o f s ize s  and ta p e r  ang les , to  a cco m m o d a te  ho le s  o f 
d if fe re n t  d ia m e te rs . J ig  p la te s  w ith  b o re s  lo c a te d  in  a n e tw o rk  o f 
re c ta n g u la r  c o -o rd in a te s  re p re s e n t ty p ic a l e xa m p les  o f p a r ts  w hose 
m e a n in g fu l d im e n s io n s  can v e ry  e f fe c t iv e ly  be m e a s u re d  by  u s in g  
ta p e re d  p ro b e s  f o r  lo c a t in g  the  in d iv id u a l p o s it io n s . I t  is  in te re s t in g  
to  no te  th a t the  ta p e re d  p ro b e , b y  se a tin g  i t s e l f  in  th e  b e s t f i t t in g  
c e n tre  w ith  re s p e c t to  th e  m a x im u m  m a te r ia l  c o n d it io n  o f the  b o re , 
a u to m a t ic a lly  lo c a te s  the  in d iv id u a l re fe re n c e  p o in ts  in  a g re e m e n t 
w ith  th e  concep t o f t ru e  p o s it io n  d im e n s io n in g . T h e  e s s e n tia l d es ig n  
c h a ra c te r is t ic  o f these  in s tru m e n ts  is  the  a p p lic a t io n  o f a n o n -c o n ta c t­
in g  typ e  d is p la c e m e n t m e a s u r in g  d e v ice  w h ic h  senses in  d is c re te  
in c re m e n ts  o f an in c h  th e  s e p a ra tio n  be tw een  th e  in d iv id u a l p o in ts  o f
re fe re n c in g . T h e  le n g th  o f the  sensed d is p la c e m e n t is  d is p la y e d  in
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P L A T E  No; Z. z
C O -O R D IN A T E  M E A S U R IN G  M A C H IN E
T H E  O L IV E T T I IN S P E C T O R  V E R T IC A L  M A X I.
P o s it io n in g  A c c u ra c y  + 8 m ic ro n s .
R e p e a ta b ility  A c c u ra c y  + 2 m ic ro n s .
2 m o d e ls  w ith  m e a s u r in g  t ra v e ls  o f 1140 x 900 x 405 m m  and 
1640 X 900 X 405 m m .
m
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digital form representing integer and decim al fractional inches.
3. J ig  B o r e r  typ e  M e a s u r in g  M ach in e s  (P la te  2. 3)
T h is  typ e  o f m a ch in e  w h ic h  was d e s c r ib e d  e a r l ie r  in  th e  te x t u nde r 
the  h is to r y  o f m e a s u r in g  m a ch in e s  w as one o f th e  o r ig in a l  m o d e ls  
des igned  b y  M o o re  (5) and w h ic h  la t t e r ly  gave b i r t h to  th e  c o -o rd in a te  
m e a s u r in g  con cep t. T h e  a c c u ra c y  o f j ig  b o re r  typ e  m a c h in in g  
o p e ra tio n s  has g re a t ly  advanced in  the  pas t decade m a in ly  as the  
r e s u lt  o f im p ro v e m e n ts  in  in te g r a l  m e a s u r in g  d e v ic e s , su p p o rte d  by  
deve lo p m en ts  in  th e  m a te r ia ls  and in  the  m a n u fa c tu r in g  p ro ce sse s  o f 
the  m e c h a n ic a l m a ch in e  e le m e n ts . J ig  b o re rs  a re  des igned  to  p o s it io n  
the  o b je c t in  th e  p lane  o f a s y s te m  o f re c ta n g u la r  c o -o rd in a te s , and 
possess c o m p le m e n ta ry  c o n tro ls  in  d ire c t io n s  n o rm a l to  th a t p lane , 
as w e ll  as f o r  ro ta t io n  a round  d if fe re n t  axes, w ith  a l l  these  m o v e ­
m e n ts  b e in g  c a r r ie d  out in  re la t io n  to  co m m on  d a tu m  e le m e n ts . T h e  
p o s it io n in g  f le x ib i l i t y  o f j ig  b o re rs ,  co m b in ed  w ith  th e  use o f v e ry  
a c c u ra te  m e a s u r in g  d e v ice s  f o r  s e tt in g  th e  o b je c t and fo r  c o n tro ll in g  
the  to o l advance, b ro u g h t about a s itu a t io n  w h e re  the  co n v e n tio n a l 
m e a s u r in g  in s tru m e n ts  w h ic h  w e re  a v a ila b le  to  in s p e c to rs  p ro v e d  to  
be inadequa te  d im e n s io n a lly  f o r  che ck in g  c o m p le x  p a r ts  m a ch in e d  on 
a m o d e rn  j ig  b o re r .  T h e se  c o n d itio n s  le d  to  th e  p ra c t ic e  o f in s p e c tin g  
th e  p a r t  w h ile  s t i l l  on th e  j ig  b o re r .  H o w e ve r such  p ro c e d u re s  o ften  
caused c o s t ly  t ie -u p s  o f the  j ig  b o re rs  re q u ire d  f o r  m a c h in in g  o p e ra -  
4^ " t io n s  and w e re  s t i l l  p o o r  exped ien ts  c o n s id e r in g  th e  te m p o r a r i ly
m oun ted  s e n s in g  d e v ice s  w h ic h  re p la c e d  th e  c u tt in g  to o ls . A n o th e r  
s h o r tc o m in g  o f th is  p ra c t ic e , not o n ly  in  p r in c ip le  b u t a ls o  a ffe c t in g  
the  re s u lts ,  is  a t t r ib u ta b le  to  the  use o f th e  sam e m e a s u r in g  d e v ice  
in  th e  in s p e c tio n  o p e ra tio n  w h ic h  c o n tro lle d  th e  o r ig in a l  p ro d u c tio n  
p ro c e s s . F u r th e rm o re ,n o  re c o u rs e  cou ld  be m ade to  such m ethods 
in  the  re c e iv in g  in s p e c tio n  o f p a r ts  w h ich  w e re  m a ch in e d  b y  an o u t­
s id e  s u p p lie r ,  o r  on co m p le x  and c r i t i c a l  com ponen ts  w h ic h  w e re  
m a n u fa c tu re d  b y  m eans o f s p e c ia l f ix tu r in g  w ith o u t th e  use o f j ig  
b o re rs .
In  v ie w  o f th e  d e s c r ib e d  c o n d itio n s , i t  w ou ld  have seem ed an obvious
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PLATE No; 2. 3
M-18 Universal Measuring Machine
11 in. X 18 in. (280mm X 450mm) Travel ,
Dial Indicator 
Spmdla housing cismo 
L  H. accessory bos
Sarial numtwr
Sotdar handwheal— 
rsisa and lowar 
soindia housing
Spindla housing scan
Knuriad knob— 
raisa and lovnar 
soindia
Elactrohic matar
Master switch
and pilot light
Indicator hoidar
Control panel
Lubrication pump handles
Longitudinal raiaranca scaM
Graduated dials
zontrol switch
driva motor
screw control oaoai
Micrometer stop
Table travel lim it mar
Adjustment knob
Cross slide clamp
Megnitier
Vernier fine adjustment
Cross travel reference scale
Zross travel nmii manier
Location  of essential con tro ls  used in operating the Universal M easuring M achine
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s o lu t io n  to  the  p ro b le m  to  c re a te  m e a s u r in g  m a ch in e s  w h ic h , b y  
in c o rp o ra t in g  the  j ig  b o r e r 's  c h a ra c te r is t ic  f le x ib i l i t y  o f adap tion , 
w o u ld  possess  th e  e s s e n tia l p ro p e r t ie s  o f a m e a s u r in g  in s tru m e n t as 
w e ll.  In  th is  la t t e r  re s p e c t, im p o r ta n t a d d itio n s  w o u ld  in c lu d e  
e x c e lle n t t r a c k in g  and o r ie n ta t io n a l a c c u ra c y  o f the  t r a v e r s e  and 
ro ta t io n a l m o ve m e n ts , v e r y  s e n s it iv e  and a c c u ra te  d is p la c e m e n t 
m e a s u r in g  d e v ice s  as w e ll  as s e n s it iv e  lo c a t in g  in s tru m e n ts ,  p r e fe r ­
a b ly  w ith  in d ic a t in g  c a p a b ili t ie s .  In  re tro s p e c t ,  i t  m a y  appea r 
s u rp r is in g  th a t, a lth ou g h  the  p ra c t ic e  o f u s in g  j i g  b o re rs  as a m eans 
fo r  ch e ck in g  the  a c c u ra c y  o f c o m p le x  p a r ts  da tes b a ck  to  the  p re -w a r  
p e r io d  ( la te  th i r t ie s ) ,  i t  w as o n ly  in  re c e n t y e a rs  th a t j ig  b o re r  
m e a s u r in g  m a ch in e s  w e re  c re a te d , p r im a r i ly  as an A m e r ic a n  
c o n tr ib u t io n . T h e  p ra c t ic e  o f u s in g  j ig  b o re rs  f o r  m a k in g  m e a s u re ­
m e n ts  has p ro b a b ly  not been g e n e ra lly  d is c o n tin u e d . H o w e ve r, the  
advan tages o f s in g le -p u rp o s e  m e a s u r in g  m a ch in e s  f o r  o p e ra tio n s  
in v o lv in g  no c h ip  re m o v a l,  bu t re q u ir in g  the  h ig h e s t a tta in a b le  le v e l 
o f a c c u ra c y , a re  b e c o m in g  m o re  w id e ly  re c o g n is e d .
In  c o n tra s t to  j ig  b o re rs ,  m e a s u r in g  m a ch in e s  a re  no t re q u ire d  to  
r e s is t  the  fo rc e s  a p p lie d  to , and th e  d yn a m ic  e ffe c ts  r e s u lt in g  f r o m , 
heavy  c h ip  re m o v a l.  H o w e v e r, th e  concep t o f in s p e c tio n  im p lie s  
m e a s u r in g  and p o s it io n in g  a c c u ra c ie s  w h ic h  re p re s e n t a h ig h e r  g ra d e  
th a n  th o se  a v a ila b le  f o r  th e  p ro d u c tio n  phases.
4. O p t ic a l M e a s u r in g  M a ch in e s  (P la te  2. 4)
T h e  b a s ic  d e s ig n  o f the se  m a ch in e s  goes b a ck  to  th e  o r ig in a l  S oc ié té  
G enevo ise  M U 214B  w h ic h  th is  re s e a rc h  id e n t if ie s  as b e in g  the  w o r ld 's  
f i r s t  m e a s u r in g  m a ch in e  o f th is  typ e  in tro d u c e d  in  th e  e a r ly  1930s.
T h e  o p t ic a l m e a s u r in g  m a ch in e s  a re  d is t in g u is h a b le  f r o m  o th e r  typ es  
o f m u lt ip le -a x e s  in s tru m e n ts  d iscu sse d  b y  th e  e x c lu s iv e  use o f l in e  
g ra d u a te d  m a s te r  sca le s  and o p t ic a l s c a le  re a d in g  d e v ic e s , as m eans 
f o r  m e a s u r in g  l in e a r  d is ta n ce s  and a n g u la r sp a c in g s . T h e  d is t in g u is h ­
in g  c h a ra c te rs t ic  in  r e la t io n  to  e n g in e e r in g  m ic ro s c o p e s  is  the  m e thod  
o f ta rg e t in g , m e c h a n ic a l co n ta c t b e in g  p r im a r i ly  used f o r  th is  fu n c tio n  
in  the  m e a s u r in g  m a ch in e s . M e c h a n ic a l co n ta c t is  the  p re fe ra b le  
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m etho d  o f ta rg e t in g  w hen c le a r ly  d e fined  b o u n d a ry  s u rfa c e s  o f re g u la r  
fo rm  a re  p re s e n t on the  p a r t ,  and the  o n ly  p ra c t ic a b le  m eans w hen 
the  b o u n d a ry  p o in ts  o f the  d im e n s io n s  b e in g  m e a s u re d  a re  not a c c e s s ­
ib le  to  o p t ic a l o b s e rv a tio n . W ith  the  g re a te r  depth  c o n tro l and
re a c h  o f m e c h a n ic a l con ta c t m e m b e rs , o p t ic a l m e a s u r in g  m a ch in e s  
a re  capab le  o f m a k in g  m e a s u re m e n t o v e r an extended v e r t ic a l  ra n ge . 
T h is  c o n d it io n  m akes th e m  adap tab le  to  m e a s u re m e n ts  on m uch  
b u lk ie r  p a r ts  than  a re  m anageab le  on a m ic ro s c o p e . F o r  th a t re a so n , 
the  o p t ic a l m e a s u r in g  m a ch in e s  a re  u s u a lly  b u i l t  w ith  la rg e  s ta g in g  
s u rfa c e s  w h ic h  a re  d im e n s io n e d  to  c a r r y  r e la t iv e ly  he avy  o b je c ts  
w ith o u t a ffe c t in g  the  p o s it io n in g  and tra c k in g  a c c u ra c y  o f the  t r a n s la ­
t io n a l m o ve m e n t. M o s t o f the  o p t ic a l m e a s u r in g  m a ch in e s  a re  d e s ig n ­
ed f o r  m e a s u re m e n ts  a long  th re e  axes, in c lu d in g  th e  v e r t ic a l.
T he  d e s c r ib e d  c h a ra c te r is t ic s  o f th e  o p t ic a l m e a s u r in g  
m a ch in e s , as co m p a re d  to  those  o f e n g in e e rin g  m ic ro s c o p e s , in v o lv e  
h ig h e r  co s t w h ic h  m u s t be ju s t i f ie d  b y  the  need f o r  th e se  a d d it io n a l 
c a p a b ili t ie s .  I t  sho u ld  a lso  be re a lis e d  th a t th e re  is  a g re a t v a r ie ty  
o f p a r t  c o n fig u ra tio n s , g e o m e tr ic  fe a tu re s , d im e n s io n a l c a te g o rie s  
and bound ing  e le m e n ts  f o r  w h ic h  o p t ic a l ta rg e t in g  b y  th e  h ig h ly  a d a p t­
a b le  m eans o f m o d e rn  m e a s u r in g  m ic ro s c o p e s  o f fe r  th e  b es t m eans 
o f in s p e c tio n . O p t ic a l ta rg e t in g  b y  v is u a l o b s e rv a tio n  o f th e  p a r t  s u r ­
fa ce  m a y  be used o p tio n a lly  on m e a s u r in g  m a ch in e s  a ls o , and is  
re co m m e n d e d  w hen th e  o v e ra l l  s iz e  o r  w e ig h t o f the  p a r t  re q u ire s  
p o w e rfu l s ta g in g  m e m b e rs , ye t th e  fe a tu re  to  be m e a s u re d  c a lls  f o r  
m ic ro s c o p e  v ie w in g .
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2 .5  T H F  C o- o r d i n a t e  m e a s u r i n g  m a c h i n e  (c m m )
T h e re  a re  s e v e ra l d e f in it io n s  g ive n  to  the  c o -o rd in a te  m e a s u r in g  
m a ch in e , 4 o f w h ic h  a re  g ive n  as fo llo w s
1. M e a s u r in g  m a ch in e s  a re  s ta t io n a ry  in s tru m e n ts  w h ic h  e m p lo y  
th e ir  own s ta n d a rd s  f o r  o b ta in in g  d im e n s io n a l m e a s u re m e n ts , and 
a re  des igned  f o r  w o rk  o f a h ig h  degree  o f a c c u ra c y . R e lia n c e  on 
s ta n d a rd s  w h ic h  a re  in te g ra l e le m e n ts  o f the  m a ch in e  im p lie s  the  
a ssu ra n ce  o f p re c is e ly  c o n tro lle d  d is p la c e m e n t pa ths fo r  the  m o v e - 
ab le  se n s in g  m e m b e rs . In  the se  in s tru m e n ts , th e  t r a v e l l in g  m e m b e r 
o r  gauge head w ith  th e  m oun ted  se n s in g  p ro b e  is  gu ided  a lo ng  tw o  
s tra ig h t  l in e  pa ths w h ic h  a re  co n ta in e d  in  a co m m on  p lane  and a re  
m u tu a lly  p e rp e n d ic u la r ,  re p re s e n tin g  the  x  and y  axes o f a re c ta n g u ­
la r  s y s te m  o f c o -o rd in a te s . O p tio n a lly , a th i r d  z a x is , in  a d ire c t io n  
n o rm a l to  a p lan e  o f the  x  and y  axes can a ls o  be p ro v id e d  in  s e v e ra l 
m o d e ls  o f th e se  m a ch in e s  (7).
2. C o -o rd in a te  M e a s u r in g  M ach in es  w e re  des igned  as a u n iv e rs a l 
te ch n iq u e  o f in s p e c tio n  to  m e a s u re  r e la t iv e  d im e n s io n a l p o s it io n s  and 
d is p la y  th e m  in  a co n ven ie n t fo rm .  T h e  te ch n iq u e  in v o lv e s  th e  e s ta b ­
lis h m e n t o f a da tum  and the  m e a s u re m e n t o f th e  p o s it io n s  o f fe a tu re s  
re la t iv e  to  th a t da tum  in  the  fo rm  x , y  and z d im e n s io n s . T he  
fe a tu re s  a re  p o s it io n a lly  de tec ted  by  p robes  o f d if fe re n t  typ e s , fo r  
e xa m p le , c y l in d r ic a l  ta p e re d  r ig id  p ro be s  o r  e le c t ro n ic  (p ivo ted ) 
p ro b e s . (10).
3. T h e  P o r ta l  T y p e  C M M  can be lo o s e ly  d e fin e d  as "A  s u r fa c e  p la te  
w ith  m e ch an ise d  m e a s u re m e n t" . I ts  c o -o rd in a te  axes a re  sq u a re  in  
t h e i r  own re la t io n s h ip ,  sq u a re  and p a r a l le l  w ith  the  s u r fa c e  p la te , and 
its  m e a s u re m e n t is  independent o f any f ix e d  re fe re n c e  p o in t w ith in  the  
m e a s u r in g  enve lope  o r  to  any m a s te r .  (1 1 ).
4. T h e  concep t o f a C M M  is  to  have e ith e r  tw o  o r  th re e  m e a s u r in g  
sys te m s  p la ce d  sq u a re  to  each o th e r and o p e ra tin g  s im u lta n e o u s ly
g iv in g  le n g th , w id th  and depth. A  C M M  is  m o re  e f f ic ie n t  because i t  
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is  b o th  fa s te r  and m o re  r e lia b le .  Speed is  a c c o m p lis h e d  bo th  by  
re d u c in g  s e t-u p  t im e , f r o m  th re e  to  one, and th ro u g h  the  use o f 
ta p e re d  p ro b e s  w h ich  s e lf - a l ig n  on the  c e n tre  o f a h o le , a llo w in g  tw o  
d im e n s io n a l lo c a t io n  o f h o le s  w ith  o n ly  one p o s it io n in g  o f the  m e a s u r­
in g  sy s te m , a re d u c t io n  o f fo u r  to  one. A n  e le c t ro n ic  d ig i ta l  re a d o u t 
f o r  each a x is  g ive s  g re a te r  r e l ia b i l i t y  w ith  te n th  o f thousand ths  (. 0001) 
re s o lu t io n s  b y  the  n u m b e rs  ra th e r  th a n  in te rp re t iv e  re a d in g s  f ro m  
m u lt ip le  re a d in g  d e v ice s  such  as m ic ro m e te rs ,  v e rn ie rs  and d ia ls . 
C M M s a re  ra te d  g e n e ra lly  to  be 8 to  10 t im e s  fa s te r  tha n  c o n v e n tio n a l 
la y o u t typ e  in s p e c tio n  m e tho ds . (12).
T h is  s tu d y  id e n t if ie s  f i f te e n  d if fe re n t  types  o f c o -o rd in a te  m e a s u r in g  
m a ch in e s  a lth ou g h  som e a re  o n ly  s l ig h t  d e s ig n  changes f r o m  a bank 
o f seven  n a m e ly , G A N T R Y , C A N T IL E V E R , B R ID G E , U N IV E R S A L , 
P O R T A L , B E N C H  and H O R IZ O N T A L  S P IN D L E . T h e  f i f te e n  typ e s  as 
i l lu s t r a te d  in  F ig u re s  4 to  7 a re  d e s c r ib e d  b r ie f ly  as fo llo w s  ;
T y p e  1 -  B R ID G E  T Y P E  (F ig u re  2. 4 ) P ro b a b ly  one o f the  m o s t p o p u la r  
des igns due to  i ts  speed and f le x ib i l i t y .  T h e  ta b le  w h ic h  can e ith e r  be 
g ra n ite  o r  cas t i r o n  is  m oun ted  on a f lo o r  s u p p o r te r  s tand  w ith  the  
b r id g e  s t ru c tu re  c a r r y in g  th e  p ro b e  head m o v in g  on a i r  b e a r in g s  at 
e ith e r  s id e  o f the  ta b le  t r a v e l l in g  the  le n g th  o f th e  ta b le . M a jo r  
advantage o f th is  d e s ig n  is  the  a b i l i t y  to  lo c a te  th e  w o rk  p ie c e  w ith o u t 
in te r fe re n c e  f r o m  the  p ro b e  head o r  ove rhead  s t ru c tu re s .  M o s t 
co m m on  s u p p lie rs  a re  L .  K . T o o ls  in  B r i ta in ,  B ro w n  and S harpe  in  
A m e r ic a ,
T y p e  2 -  G A N T R Y  ( F ig u r e  2. 4 ) T h is  m o d e l be longs to  the  g ia n t typ e  
C M M  w ith  d im e n s io n s  re a c h in g  10 m e te rs  w id e  b y  20 m e te rs  in  le n g th  
m a n u fa c tu re d  m a in ly  b y  D ig i ta l  E le c tro n ic  A u to m a tio n  (D EA) in  I ta ly  
and used g e n e ra lly  b y  b u ild e rs  o f v e ry  la rg e  com ponen ts  such as t u r ­
b ine s  fo r  a to m ic  re a c to rs  and la rg e  b o ile r s .  T h e  m o d e l has a s e r ie s  
o f f lo o r  m o un ted  p i l la r s  connected  b y  o ve rhe ad  r a i ls  on w h ich  the 
m o v in g  g a n try  c a r r y in g  the  p ro b e  head is  su p p o rte d . T h e  n u m b e r o f
p i l la r s  is  g o ve rn e d  b y  th e  le n g th  re q u ire d  to  be m e a s u re d , th e re  is
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no d e tr im e n ta l e ffe c t on the g ive n  a c c u ra c y  o f th e  m a ch in e  b y  its  
s ize .
T y p e  3 -  C A N T IL E V E R  (F ig u re  2. 4 )N o rm a lly  th is  d e s ig n  is  l im ite d  
to  s m a ll w o rk  p ie ce s  m a in ly  due to  th e  ex ten t o f th e  p ro b e  range . I t  
is  h o w e ve r h ig h ly  a c c u ra te  and can in c o rp o ra te  a d d it io n a l fe a tu re s  
such as r o ta r y  ta b le s  (g iv in g  a fo u r th  a x is ) and a n g u la r  o r ie n ta t io n  
d e v ice s  to  a cco m m o d a te  s p e c ia l w o rk  p ie ce s . O l iv e t t i  o f I ta ly  a re  
th e  m a jo r  m a n u fa c tu re rs .
T yp e  4 -  H O R IZ O ÎN T A L  S P IN D L E : (F ig u re  2. 4 ). A g a in  som ew ha t 
s im i la r  to  the  C a n t ile v e r  excep t th a t the  p ro b e  head p ro je c ts  d ir e c t ly  
f r o m  th e  r e a r  s u p p o rt co lu m n  and p ro v id e s  th e  f a c i l i t y  f o r  m e a s u r in g  
in  the  h o r iz o n ta l p lane . (M any C a n t ile v e r  and o th e r  m o d e ls  now have 
s p e c ia l p ro b e s  w h ic h  can e ith e r  be used in  any v e c to r  o r  adapted to  
the  h o r iz o n ta l p la n e  b y  an a d a p to r head). T h e  h o r iz o n ta l s p in d le  w ith  
the  r o ta r y  ta b le  m akes f o r  q u ic k  and a c c u ra te  m e a s u re m e n ts  o f s m a ll 
to  m e d iu m  s iz e d  com ponen ts . T h e  m a jo r  s u p p lie r  o f th is  type  is  
O l iv e t t i  o f I ta ly .
T yp e  5 -  C A N T IL E V E R  W IT H  E L E V A T E D  T A B L E : (F ig u re  2. 5 ).T h is  
m o d e l is  d if fe re n t  f r o m  T yp e  3 in  th a t th e  x , y  and z axes m o ve m e n t 
is  c o n tro lle d  f r o m  the  head and no t the  ta b le . T h e  m a ch in e  has a cas t 
i r o n  s lo tte d  ta b le  m o un ted  on a ro b u s t f lo o r  su p p o rte d  base. T h e  
ta b le  can  be e le va te d  thus ex ten d in g  the  z a x is  c a p a b ili t ie s .  T h e  s iz e  
o f the  m a ch in e  can  be extended s im p ly  b y  le n g th e n in g  the  ta b le  and 
r e a r  s u p p o rt co lu m n . T h is  is  one o f the  m o s t p o p u la r  C M M s and is  
o ffe re d  b y  F e r r a n t i  L t d . , o f S co tland .
T y p e  6 -  P IL L A R :  (F ig u re  2. 5). A  c o m b in a tio n  o f T yp e s  1 and 2 bu t 
w ith  f ix e d  d im e n s io n  and le s s  f le x ib i l i t y .  T h is  m a ch in e  as i l lu s t r a te d  
can in c o rp o ra te  th e  r o ta r y  ta b le  and m e a s u re  f a i r l y  la rg e  w o rk  p ieces  
be tw een  i ts  fo u r  p i l la r s .  T h e  m e a s u r in g  head ag a in  is  su p p o rte d  on 
a b r id g e  typ e  g a n try . D E A  o f I ta ly  a re  the  m a jo r  s u p p lie rs  o f th is
model. -66-
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T y p e  7 -  C A N T IL E V E R  - B E N C H  (F ig u re  2. 5)
T h e  m a jo r  d if fe re n c e  be tw een  th is  and the  typ e  3 C a n t ile v e r  is  in  the  
m o ve m e n t o f th e  y -a x is  w h ic h  is  ga ined  f r o m  the  p ro b e  head and not 
the  ta b le . T h e  n a tu re  o f th is  m a ch in e  c a lls  f o r  a seated
o p e ra to r  w o rk in g  w ith  s m a ll  com ponen ts , C. E . Johanns on o f Sweden 
a re  the  m a in  s u p p lie rs .
T y p e  8 -  U N IV E R S A L . (F ig u re  2. 5)
One o f th e  m o s t a c c u ra te  m e a s u r in g  m a ch in e s  on the  m a rk e t ,  d e s ig n ­
ed a f te r  th e  o r ig in a l  M o o re  U n iv e rs a l No: 3 bu t in c o rp o ra t in g  s p e c ia l 
e le c t ro n ic  fe a tu re s  and g e n e ra lly  su p p o rte d  b y  th e  m o s t advanced 
p e r ip h e ra l e q u ip m e n t a v a ila b le . I t  is  a lso  one o f th e  m o s t expens ive  
m a ch in e s  f o r  i ts  ra n g e  on the  m a rk e t,  and u s e rs  w o u ld  have to  c le a r ly  
ju s t i f y  s p e c if ic  usage in  o rd e r  to  show e ffe c t iv e  r e tu r n  on in v e s tm e n t. 
M a in  s u p p lie rs  a re  C a r l  Z e is s  o f G e rm a n y  and M o o re  o f A m e r ic a
T y p e  9 -  B E N C H -M A R K E R  O F F . (F ig u re  2. 6)
V e ry  cheap m a n u a lly  o p e ra te d  C M M  g e n e ra lly  c o n tro lle d  w ith  the  hand 
g r ip p in g  th e  p ro b e  head, w h ic h  is  not e le c tro n ic  b u t g e n e ra lly  m e c h a n i­
c a l s te e l p ro b e  c o n ic a l, b a l l ,  o r  c y l in d r ic a l  in  shape. T h is  m a ch in e  
is  o fte n  d u p lic a te d  f o r  m a rk in g  o ff p la te s , b y  f i t t in g  a s c r ib e  
p ro b e . E ach  a x is  can be lo c a te d  b y  a s im p le  lo c k in g  nu t. N u m e re x  
and Q u a lity  In c . o f A m e r ic a  m a n u fa c tu re  these  m a ch in e s .
T y p e  10 -  C A N T IL E V E R  (F ig u re  2. 6)
S im ila r  in  d e s ig n  to  T yp e  5 w ith  th e  e xce p tio n  o f th e  y -a x is  s u p p o rtin g  
a m o b ile  p ro b e  head a lo ng  i ts  w ho le  le n g th  a ls o  th e  ta b le  c o n tro ls  the  
m o ve m e n t o f th e  x -a x is  som ew ha t s im i la r  to  T y p e  7. T h is  is  a t
the  ch e ap e r end o f the  ra n ge  and n o rm a lly  has p u re  m a n u a l o p e ra tio n . 
F e r r a n t i  o f S co tland  su p p ly  a m o d e l o f th is  b a s ic  de s ig n .
T y p e  11 -  U N IV E R S A L  -  P O R T A L . (F ig u re  2. 6)
A  d e ve lo p m e n t o f th e  ty p e  8 -  U n iv e rs a l m a ch in e  w h ic h  in c o rp o ra te s  
a m o b ile  ta b le  in  the  y -a x is  th ro u g h  a p o r ta l typ e  s u p p o rt s t ru c tu re .
T h is  f a c i l i t y  g re a t ly  extends the  scope o f the  U n iv e rs a l m a ch in e  b y
- 6 8 -
/ • • » •
F igure No: 2. 6
Type 9. Type 10.
Type 11 Type 12.
-69-
p e rm it t in g  m u ch  la r g e r  com ponents ye t c o n tin u in g  to  o b ta in  the  h ig h  
degree  o f a c c u ra c y  dem anded o f typ e  8. C a r l  Z e is s  o f G e rm a n y  
have o n ly  re c e n t ly  m a rk e te d  th is  m a ch in e .
T yp e  12 -  P O R T A L . (F ig u re  2. 6)
T h is  m a ch in e  com es in  a w ho le  v a r ie ty  o f s ize s  s im p ly  b y  p u sh in g  out 
the  s u p p o rt p i l la r s  and e x tend ing  th e  b r id g e  o r  b y  lo w e r in g  the  w o rk ­
in g  ta b le  to  s u it  s p e c if ic  com ponen ts . T h is  d e s ig n  is  o ffe re d  a lm o s t 
e x c lu s iv e ly  b y  D E A  o f I ta ly ,
T yp e  13 - T R IO P T IC . ( F ig u r e  2. 7)
D e s c r ib e d  e a r ly  in  th e  s tu d y  as th e  o ld e s t des igned  C M M  in  the  w o r ld  
bu t s t i l l  b e in g  m a rk e te d  b y  S oc ié té  G enevo ise  in  S w itz e r la n d . A  
h ig h ly  a c c u ra te  a lthough  s p e c ia l p u rp o se  m a ch in e  u t i l is in g  o p t ic a l 
re a d in g  d e v ice s  as opposed to  the  m o re  com m on  d ig i ta l  s y s te m s .
T y p e  14 -  C A N T IL E V E R  - M O B IL E  B A S E . (F ig u re  2. 7)
T h is  is  a s p e c ia l p u rp o se  m a ch in e  w ith  l im i te d  use in  a u n iv e rs a l 
sense and has q u e s tio n a b le  a c c u ra c y  due to  th e  n a tu re  o f the  m o b ile  
ta b le . H o w e v e r i t  can be used fo r  q u ic k  p ro be s  w ith  c o n ic a l shapes 
to  ch eck  h o le  p a tte rn s  o r  s c r ib e  out h o les  on p la te s .
T yp e  15 -  J IG  B O R E R  (F ig u re  2. 7)
O b v io u s ly  adap ted  f ro m  th e  m a ch in e  to o l and c o n v e rte d  s p e c if ic a l ly  
f o r  the  p u rp o se  o f m e a s u r in g  e x c lu s iv e ly . B o th  x  and y  axes a re  
c o n tro lle d  f r o m  a m o b ile  ta b le  w h ile  the  z a x is  com es f r o m  the  m a in  
head. T h is  m a ch in e  is  o ffe re d  b y  M o o re  o f A m e r ic a ,  Z e is s  o f 
G e rm a n y , and SIP o f S w itz e r la n d .
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2 . 6 -  T H E  M E A S U R IN G  M A C H IN E  T E C H N O LO G Y  C U R R E N T L Y  
A V A IL A B L E  T O  IN D U S T R Y .
In  fo r th c o m in g  c h a p te rs  o f th is  re s e a rc h , d e ta ile d  a n a ly s is  w i l l  be 
m ade o f th e  im p a c t o f m e a s u r in g  m a ch in e s  on m an age m en t s t ru c tu re ,  
s tra te g ie s , m a ch in e  shop e n v iro n m e n t, c o n tro l s y s te m s  and peop le . 
R e fe re n ce s  w i l l  be m ade to  a w id e  v a r ie ty  o f m e a s u r in g  m a ch in e  te c h ­
n o lo gy  now a v a ila b le  to  in d u s try  and, a lthough  th is  te ch n o lo g y  as such 
is  not th e  c e n tra l them e  to  be in v e s tig a te d , m o re  so the  e ffe c t o f the  
te c h n o lo g y , i t  w i l l  be n e c e s s a ry  to  e m b e llis h  on th e  d e ta il o f the  m e a - . 
s u r in g  m a ch in e  te ch n o lo g y  as p re v io u s ly  g ive n  in  s e c tio n s  2 .4  and
2.5 , i f ,  f o r  no o th e r  re a so n , b u t to  e n su re  som e u n d e rs ta n d in g  o f 
w ha t th is  te ch n o lo g y  can d o -w ith in  the  in d u s t r ia l  e n v iro n m e n t.
C o -o rd in a te  m e a s u r in g  m a ch in e s  as d e s c r ib e d  in  2.5 , not o n ly  com e 
in  a v a r ie ty  o f d if fe re n t  ty p e s , b u t a lso  a re  a v a ila b le  in  3 g e n e ra l 
le v e ls  o f d e s ig n  n a m e ly , m a n u a l o p e ra tio n , c o m p u te r -a s s is te d  and 
f u l l  c o m p u te r  c o n tro l.  T h e se  m a ch in e s  a re  g e n e ra lly  d es ign a te d  as 
fo llo w s
C. M . M . M a n u a l o p e ra tio n  c o -o rd in a te  m e a s u r in g  m a ch in e .
C. C. M . M . C o m p u te r-a s s is te d  c o -o rd in a te  m e a s u r in g
m a ch in e .
D . C. C. M . M . D ire c t  c o m p u te r c o -o rd in a te  m e a s u r in g  m a ch in e . 
(D CC )
F o r  a d e ta ile d  re v ie w  o f w o r ld  so u rce s  and typ es  o f c o -o rd in a te  m e a ­
s u r in g  m a ch in e s  now a v a ila b le , see "C o -o rd in a te  M e a s u r in g  M a ch in e s  
- A  W o r ld w id e  R ev ie w  o f M a n u fa c tu re rs  and T h e ir  S y s te m s " b y  Sam 
B la c k , M e tro lo g y  and In s p e c tio n , N o ve m b e r 1977. (A ppend ix  D - 
R e f. 8).
T h e  p ro s p e c tiv e  o w n e r o f a c o -o rd in a te  m e a s u r in g  m a ch in e  o b v io u s ly  
has to  d e te rm in e  h is  p a r t ic u la r  re q u ire m e n ts  in  o rd e r  th a t he can 
a c c u ra te ly  d ra w  up a s p e c if ic a t io n  and choose the  m o s t s u ita b le  p r ic e  
o f eq u ipm en t w h ic h  w i l l  be w ith in  h is  c a p ita l budge t,
/  •  * a *
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C u r re n t ly  p ro d u c tio n  typ e  " o f f  th e  s h e lf "  m e a s u r in g  m a ch in e s  ra n g e  
in  p r ic e  f r o m  a p p ro x im a te ly  £10, 000 at the  lo w e r  end o f th e  m a rk e t 
to  a p p ro x im a te ly  £500, 000 a t the  to p  end. T h e  in v e s tm e n t is  th e r e ­
fo re  one th a t re q u ire s  c o n s id e ra b le  fo re th o u g h t and a n a ly s is  p r io r  to  
any d e c is io n  b e in g  m ade. T o  c le a r ly  i l lu s t r a te  th e  n a tu re  o f th is  te c h ­
no logy , 3 d if fe re n t  m o d e ls  a re  d iscu sse d  and d is p la y e d  p ic to r ia l ly .  
T h e se  m e a s u r in g  m a ch in e s  c o v e r the  p re v io u s ly  m e n tio n e d  le v e ls  o f 
d e s ig n  f r o m  m a n u a l to  f u l l  c o m p u te r  c o n tro l.
1. M a n u a lly  O p e ra te d  C o -o rd in a te  M e a s u r in g  M a c h in e .
T h e  H a n s fo rd  R ap id  C heck c o -o rd in a te  l i fe a s u r in g  marchine 
(P la te  6) m a n u fa c tu re d  b y  the  H a n s fo rd  M a n u fa c tu r in g  C o rp o ra ­
t io n  o f R o c h e s te r, New Y o rk ,  U . S. A . , is  a good e xa m p le  o f a 
b a s ic  m a n u a lly  o p e ra te d  c o -o rd in a te  m e a s u r in g  m a ch in e . I t  is  o f 
the  b r id g e - ty p e  v a r ie ty  as p re v io u s ly  i l lu s t r a te d  in  F ig u re  No:
2. 4. T h e  base  o f th is  m a c h in e  is  a non m a g n e tic  g ra n ite  s u r fa c e  
p la te . G ra n ite  has been  used fo r  m a n y  y e a rs  as a s u ita b le  
m a te r ia l  fo r  s u r fa c e  p la te  w o rk  m a in ly  due to  i ts  in h e re n t q u a l i t ­
ie s  o f s ta b i l i t y  and a v e ry  lo w  c o -e f f ic ie n t  o f th e rm a l expans ion .
I t  is  a ls o  h a rd w e a r in g , r u s tp ro o f  and o f re a s o n a b le  co s t. T h e  
b r id g e  and s u p e rs t ru c tu re  is  s u p p o rte d  by  a he avy  a d ju s ta b le  
sa dd le  w h ic h  r id e s  a lo n g  a f ix e d  ru n w a y  a t the  r e a r  o f the  
g ra n ite  ta b le . T h e  b r id g e  is  a m o d if ie d  tu b u la r  w e ld m e n t e n s u r­
in g  b o th  r ig id i t y  and l ig h t  w e ig h t. T h e  o u tb o a rd  end o f th e  b r id g e  
is  su p p o rte d  b y  a s e lf  a lig n in g  b a ll  b e a r in g  to  a s s is t  in  a v e ry  
s e n s it iv e  and lo w  f r ic t io n  o p e ra tio n . T h is  m a ch in e  uses a s ta n d ­
a rd  typ e  o f ra c k  and p in io n  to  m ove  the  b r id g e  p ie c e  a lo n g  the  
ta b le . T h is  in  tu r n  a c tiv a te s  a r o ta r y  e n cod e r and the  e le c tro n ic  
d ig i ta l  d is p la y  re a d o u t sy s te m .
E ach  a x is  has a f lo a t in g  z e ro  in  th a t w hen a re fe re n c e  p o in t o r  
d a tu m  p o s it io n  is  re a ch e d , the  b u tto n  fo r  th a t a x is , show n on the  
o u tb o a rd  le g  o f the  b r id g e , is  a c tiv a te d  and the  d ig i ta l  d is p la y  
re a d o u t re tu rn s  to  z e ro . T h e  p ro b e  head is  th e n  m a n u a lly  m oved
‘ * -7 3 -
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E x a m p le  o f a m a n u a lly  o p e ra te d  C M M  w ith  s o lid  p ro b e s  and a 3 -a xe s  
d ig i ta l  re a d o u t d is p la y .
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th ro u g h  th e  in s p e c tio n  p a tte rn  c o m p a rin g  c o -o rd in a te  d im e n s io n s  
w ith  th o se  on th e  p r in t .
M o s t d ig i ta l  re a d o u t d is p la y s  have a p o la r i ty  in d ic a to r  fe a tu re  
w h ic h  can d is p la y  p o s it iv e  o r  ne ga tive  d ire c t io n s  o f m ove m e n t 
f r o m  z e ro , o th e rs  have th e  added f a c i l i t y  o f re a d in g  in  bo th  
im p e r ia l / in c h  o r  in  m e t r ic  s iz e s . T h e  p ro b e  h o ld e r , l ik e  the  
to o l h o ld e r  in  a m a ch in e  to o l, is  su p p o rte d  w ith in  the  b r id g e  
c o m p a rtm e n t and is  co u n te rb a la n ce d  to  p e rm it  v e r t ic a l  m o v e ­
m e n t f o r  the  z a x is  t r a v e l .  A  w id e  v a r ie ty  o f p ro b e s  is  a v a ila b le  
depend ing  upon the  com ponent to  be m e a s u re d . H o w e v e r, the  
ta p e r  p ro b e  is  the  m o s t p o p u la r, as i t  is  id e a l f o r  ch e ck in g  h o le  
p a tte rn s  in  ra n d o m  p o s it io n s  w ith in  a w o rk p ie c e . P ro b e s  can be 
changed d u r in g  the  c o u rs e  o f a m e a s u re m e n t ch eck  as each a x is  
is  lo c k a b le  and th is  does not upse t the  z e ro  p o in t.
S e v e ra l advantages a re  a v a ila b le  w ith  th is  lo w  co s t u n it, in  th a t 
i t  can be r e t r o - f i t t e d  to  an e x is t in g  s u r fa c e  ta b le  thus m in im is in g  
in i t ia l  c a p ita l c o s t and th e  w ho le  u n it can  be pushed to  one end o f 
the  s u r fa c e  ta b le  to  p e rm it  o th e r  uses to  be m ade o f th e  s u r fa c e  
a re a .
2. C o m p u te r -A s s is te d  C o -o rd in a te  M e a s u r in g  M a ch in e s .
T h e  second  g e n e ra tio n  o f d e s ig n  on m e a s u r in g  m a ch in e s  in t r o ­
duced a c o m p u te r -a s s is t  f a c i l i t y .  T h is  d e ve lo p m e n t cam e about 
w ith  the  need f o r  fu r th e r  re d uce d  t im e  on the a n a ly s is  o f r e c o rd ­
ed in s p e c tio n  re s u lts  and the  s im u lta n e o u s  f a l l  in  th e  co s t o f 
s m a ll c o m p u te rs . M e a s u r in g  m ach in e s  o f th is  second g e n e ra tio n  
needed m o to r is e d  d r iv e s  in  each a x is  o f m o ve m e n t, thus e n a b lin g  
the  m a ch in e  to  c o m m u n ic a te  its  p o s it io n  to  a c o m p u te r. A  good 
exa m p le  o f a c o m p u te r a s s is te d  m e a s u r in g  m a ch in e  is  th a t 
p ro du ce d  b y  L .  K . T o o l Co. , L td .  , o f D e rb y  in  E n g lan d . T h e ir  
M e tre  F o u r  m e a s u r in g  m a ch in e  is  o f th e  typ e  4 h o r iz o n ta l sp in d le
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a s s i s t e d  to re co r d  m e a su r e m e n ts  aga in st  m a s te r  p ro g ra m m e and 
printout r e s u l t s  on high speed  prin ter .
four
-76-
as i l lu s t r a te d  in  F ig u re  No: 2. 4 and show n in  P la te  No: 2, 6.
T h is  m a ch in e  is  one o f m a n y  w h e re  c o m p u te r -a s s is t  fa c i l i t ie s  
have been  added, bu t th is  p a r t ic u la r  m a ch in e  p re s e n ts  a f a i r l y  
r a d ic a l  a p p ro a ch  to  in s p e c tio n  te ch n iq u e s  in  b o th  m a ch in e  co n ­
s t ru c t io n  and c o n fig u ra t io n . I t  is  c o n s tru c te d  f r o m  g e o m e tr ic  
b lo c k s  o f g ra n ite  in  c o n ju n c tio n  w ith  a i r  b e a r in g s . T h is  re s u lts  
in  e x tre m e  a c c u ra c y  and p re c is io n  o f t r a v e l ,  thus  e lim in a t in g  the  
s t ic k - s l ip  te n d e n cy  th a t can have a d e tr im e n ta l e ffe c t on fa s t 
a c c u ra te  m e a s u re m e n t. T h e  h o r iz o n ta l d e s ig n  p e rm its  the  p ro b e  
to  be p re s e n te d  to  the  w o rk fa c e  in  the  sam e m a n n e r as a c u tt in g  
to o l w ith in  a m a ch in e  to o l, w h ic h  w ou ld  he  used to  g e n e ra te  the  
w o rk p ie c e  in  th e  f i r s t  in s ta n c e . T h is  m e a s u r in g  m a ch in e  th e re ­
fo re  le n d s  i t s e l f  to  easy  in te g ra t io n  in  a g ro u p  te ch n o lo g y  
m a c h in in g  c e n tre  o r  c e ll.
T h e  k e y  d if fe re n c e  b e tw een  the  m a n u a l and c o m p u te r -a s s is t  
m e a s u r in g  m a ch in e  is  d ir e c t ly  re la te d  to  the  s o ftw a re  p r o ­
g ra m m in g  fe d  in to  the  d e d ica te d  m in i- c o m p u te r  l in k e d  to  the  
m a ch in e . T h e  concep t is  id e n t ic a l to  the  n u m e r ic a l c o n tro l tape  
p ro g ra m m e s , w h ic h  w e re  w r i t te n  in  a b a s ic  c o m p u te r p ro ­
g ra m m e  and c o m m itte d  to  tape , such th a t the  m a c h in e  cou ld  be 
in s t ru c te d  to  m ove  in  any p re s c r ib e d  d ir e c t io n  w ith  th e  s e le c te d  
to o l c u tt in g  the  w o rk p ie c e  a c c o rd in g ly .
T h e  m e a s u r in g  m a ch in e  s y s te m  is  s im i la r  e xce p t th a t the  
c o m p u te r -a s s is t  s y s te m s  a re  o f a c o m p a ra tiv e  n a tu re  in  th a t, as 
the  in s p e c to r  checks a p a r t ic u la r  d im e n s io n  on a w o rk p ie c e  se t 
up in  th e  m e a s u r in g  m a ch in e , th e  c o m p u te r in te rp re ts  and c a l­
cu la te s  th e  a c tu a l d im e n s io n  m e a su re d  and c o m p a re s  i t  to  the  
p r in t  d im e n s io n , w h ic h  is  a lre a d y  co n ta ined  in  its  m a s te r  tape . 
B o th  re s u lts  a re  th e n  s im u lta n e o u s ly  p r in te d  out on a te le ty p e  
h ig h  speed p r in te r ,  v e r y  o fte n  th e  d if fe re n c e s , p o s it iv e  o r  
n e g a tive , a re  a lso  p r in te d  ou t. T h e  in s p e c to r  can con tinu e  
th ro u g h  a ro u t in e  o f d im e n s io n a l in s p e c tio n  o f a w o rk p ie c e  w ith o u t
/ ------  _77_ .
need to  re c o rd  any re s u lts .  W hen the  f u l l  check  is  co m p le te d , 
he then  e xam ines  the  p r in te d  sheet to  c o n f irm  w h e th e r th is  c o m ­
ponent is  c o r re c t  o r  no t to  th e  d im e n s io n s  g ive n  in  the  b lu e p r in t .
A l l  o f th e se  a c tio n s  can be c a r r ie d  out w ith  th e  sam e b a s ic  s o lid  
typ e  p ro b e s  as w e re  m e n tio n e d  in  the d is c u s s io n  c o n c e rn in g  
m a n u a lly  o p e ra te d  in s p e c tio n  m a ch in e s , bu t in  ke e p in g  w ith  the  
advance o f th e  m e a s u r in g  m a ch in e  te ch n o lo g y , the  d es ign  o f the  
p ro b e s  has a ls o  been advanced. (P la te  No: 2. 7). One o f the  
m o s t s u c c e s s fu l has been the 3 -axes  e le c t ro n ic  p ro b e , w h ic h  has 
an u lt r a  s e n s it iv e  3 -a xe s  s w itc h , w h ic h ,' w hen used w ith  the 
te le ty p e  p r in te r ,  a u to m a t ic a lly  re c o rd s  d im e n s io n a l data  in  each 
a x is . W hen co n ta c t is  m ade be tw een the  p ro b e  and a s u r fa c e , an 
in s ta n t s ig n a l to  the  p r in t e r  re c o rd s  x , y , z , c o -o rd in a te s , w h ic h  
a re  a ls o  d is p la y e d  on th e  a x is  d ig i ta l  re a d o u t u n its .
T h e  a c tu a l o p e ra tin g  p ro c e d u re s  fo r  a c o m p u te r -a s s is te d  in s p e c t­
io n  m a ch in e  a re  f a i r l y  s im p le . T he  a p p ro p r ia te  in p u t tape  is  
f i r s t  ru n  th ro u g h  th e  re a d e r  to  p ro g ra m m e  th e  s y s te m , th en  the  
in s p e c to r  s im p ly  fo llo w s  the  in s tru c t io n s  as th e y  a re  p r in te d  out 
d u r in g  th e  subsequen t ru n s . A s  the  s ty lu s  is  m o ve d  to  each 
s ta te d  " re a d "  p o in t, he op e ra te s  a c o n tro l th a t c o n v e n ie n tly  m ay  
ta ke  th e  fo r m  o f a fo o ts w itc h  and the  c o m p u te r in d ic a te s  w hen i t  
has a s s im ila te d  th e  in fo rm a t io n  re la t in g  to  the  p o in t b y  c le a r in g  
th e  s w itc h  re a d y  fo r  fu r th e r  o p e ra tio n , and, s im u lta n e o u s ly , 
i l lu m in a t in g  a la m p . A t  th is  s tage  th e  p r in t e r  m a y  no t n e c e s s a r­
i l y  have c o m p le te d  th e  c o rre s p o n d in g  b lo c k  o f r e s u lts ,  bu t the  
o p e ra to r  can p ro ce e d  to  th e  next p o in t im m e d ia te ly  the  c le a ra n c e  
s ig n a l has been ob ta ined , ta k in g  advantage o f the  b u f fe r  m e m o ry  
f a c i l i t y  in  th e  c o m p u te r.
3, D ire c t  C o m p u te r C o n tro lle d  C o -o rd in a te  M e a s u r in g  M a ch in e s .
In  a s im i la r  p a tte rn  o f de ve lopm en t to  th a t o f the  m e a s u r in g
m a ch in e  and p ro b e s , the  c o m p u te r a s s is ta n c e  to  the  m a ch ine  
/ ------  -7 8 -
P L A T E  No; 2, 7
r
3 Dimensional 
Touch Trigger 
Probes for Measuring 
Machines
The latest range of probes provide a cornpiete 
range of systems that can be used to suit the 
requirements of any size machine and complexity 
of components. Probes can be readily retrofitted 
to existing machines w ith shanks available to suit 
most manufacturers.
Probes are supplied in precision mahogany cases 
either individually or kit form. Electrical interfaces 
adapted to suit most measuring machines can 
also be supplied. (These convert the probe signal 
to a form suitable for the imachine control 
system. They are already incorporated in some 
machines.)
Measurement with the probe is extremely simple. 
The probe stylus is first calibrated on a gauge 
block, ring gauge or sphere to determine its 
apparent stylus tip diameter. It is then datumed 
and dimensions are recorded relative to the 
datum. j
Taking readings is simply a matter of driving the 
probe stylus into the workpiece in the required 
direction. The reading is then autornatically taken 
as the stylus contacts the workpiece. Generous 
overtravel built into the probes perrnits the 
machine to travel beyond the contact point 
w ithout damaging the probe. Reacjings are thus 
taken w h ile  the m ach ine  is in m o tio n , giving 
fast checking of even complex components. The 
workpiece can be contacted in any direction due 
to the omni-directional feature of the probe. Hole 
diameters, depths, step heights widths etc, can 
all be measured w ith one ball stylus. For difficult 
undercuts, grooves deep holes etc, special styli 
and extension bars are available to'ensure these 
can be speedily checked. '
Source from L, K, T ools L td ,, Derby, England, Sales L iterature
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has changed f r o m  a s s is t in g  m e a s u re m e n t re s u lts  to  f u l l  a u to ­
m a tio n . T h e  chang ing  p a tte rn  is  show n in  P la te  No; 2. 8, sh ow ing  
op tion s  A  to  O f o r  C. M . M . in s p e c tio n , m o v in g  f r o m  the above 
d iscu sse d  c o m p u te r a s s is t o p tio n  to  one o f f u l l  a u to m a tio n , w h e re  
a m o re  p o w e r fu l c o m p u te r  not o n ly  re c e iv e s  th e  in fo rm a t io n  bu t 
a ls o  in s t ru c ts  m a ch in e  m o ve m e n t, and the  m a ch in e  can be 
o p e ra te d  in  e ith e r  a m a n u a l o r  a u to m a tic  m ode. In  th e  a u to ­
m a tic  m ode the  m e a s u r in g  m a c h in e ’ s p o s it io n in g  s e rv o  d r iv e s  a re  
c o n tro lle d  e n t ir e ly  b y  th e  c o m p u te r s y s te m s . T h e  c o n tro l is  
p ro v id e d  b y  in s t ru c t io n s  and data ob ta ined  f r o m  a p re v io u s ly  p r e ­
p a re d  p a r t  d e s c r ip t io n  tape . In c lu d e d  on the  tapes a re  p a ra ­
m e te rs  such  as in s p e c tio n  sequence, o p e ra to r  in s t ru c t io n s ,  
n o m in a l data and the  m e th o d  the  in s p e c tio n  data  is  to  be p ro c e s s e d . 
F ro m  th is  in fo rm a t io n  the  c o m p u te r d e te rm in e s  th e  d ire c t io n , 
d is ta n c e  and v e lo c ity ,  and com m ands the  p ro b e  to  m ove  the  x , y , 
z axes to  the  p o in t re q u e s te d . U pon re a c h in g  th is  p o in t, the  
p ro b e  w i l l  m ove  a t a s lo w e r  ra te  u n t i l  the  p a r t  is  con tac ted .
P ro b e  co n ta c t w i l l  in i t ia te  a u to m a tic  data  c o lle c t io n  b y  th e  c o m ­
p u te r .  T h e  da ta  m a y  then  be p ro ce sse d  b y  th e  d e s ire d  m a th e m a ti­
c a l ro u tin e s  (e. g. d ia m e te r  c a lc u la t io n ) , p r in te d  on the  ou tpu t 
d e v ice  a n d /o r  s to re d  f o r  a n a ly s is  a t a la te r  da te . D a ta  s to ra g e  
is  a fu n c tio n  o f the  c o m p u te r ’ s m e m o ry  c a p a c ity  and m a y  be 
in c re a s e d  i f  n e c e s s a ry  b y  the  a d d itio n  o f a m ass s to ra g e  d e v ice  
(e. g. c a r t r id g e  o r  f lo p p y  d is c ) .
T h e  c o m p le te ly  a u to m a tic  c o -o rd in a te  m e a s u r in g  m a ch in e  re p ­
re s e n ts  s ig n if ic a n t ’ s ta te - o f - t h e - a r t ’ advances in  m e a s u r in g  
m a ch in e  te ch n o lo g y . T h e  ke y  advantages a re  d e r iv e d  f r o m  the  
s o ftw a re  p ro g ra m m in g  in  the  c o m p u te r, w h ic h  th ro u g h  i ts  
m a th e m a tic a l c a p a b ili ty  g ive s  im m e d ia te  to ta l  e v a lu a tio n  w ith o u t 
th e  need fo r  o p e ra to r  p re se n ce  d u r in g  lo n g  o r  re p e t it iv e  ru n s .
Such e xa m p le s  in d ic a te  a 5 -m in u te  p e r io d  to  in s p e c t and re p o r t  
on an a e ro  engine com ponen t th a t too k  70 m in u te s  on the s u rfa c e  
ta b le  p lu s  c a lc u la t io n  t im e  and a 26-h o u r  u n s u p e rv is e d  
/ . . .  —80—
Option A: 
Data recording
Basic machine 
Teletype
Option B; 
Computer-assisted inspection
Basic machine 
8 K computer 
Teletype  
High-speed paper tape 
reader (in  eabinet) 
Electronic probe
Option C: 
CNC inspection
Basie machine 16 K 
com puter Teletype  
High-speed paper tape 
reader (in  cabinet) 
Electronic probe
Option D; 
CNC inspection with display
Basic machine 
16 K computer 
Term inal w ith  visual 
display and tw in magnetic 
cassettes 
High-speed printer 
Electronic probe
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Teletype gives paper tape, read-out and punch facilities to record and 
schedule inspection routines
ZlZlO '
J
I 1
—
The 8 K computer gives facilities identified in standard 8 K 
softv';are system
The 16 K computer gives facilities as identified in standard 16 K 
software system, including CNC control
This 16 K (optional 24 K) system gives the ultimate in speed and 
flex ib ility
Figure 5, Com puter options
continuous run on a complex component.
O p tio n  D , as d is p la y e d  in  P la te  No; 2. 8 in c lu d e s  a v is u a l d is p la y  
u n its  w h ic h  p e rm its  f u l l  p ro g ra m m e  e d it in g . M o re o v e r , the 
f in a l  re s u lts  can be e d ited  and o n ly  fe a tu re s  in  e r r o r  need be 
p r in te d . P ro g ra m m e s  can be s to re d  in  c a sse tte  tapes and be 
re c a lle d  f r o m  f i le  by  k e yb o a rd  s e le c tio n .
P la te  No; 2. 9 d is p la y s  the  F e r r a n t i  C o rd a x  C o -o rd in a te  M e a s u r­
in g  M a ch in e , w h ic h  is  o ffe re d  in  the f u l l  a u to m a tic  c o m p u te r 
c o n tro l,  as w e l l  as the  c o m p u te r a s s is t s y s te m . T h e 'C o rd a x  
was one o f the  e a r ly  m a ch in e s  in  the  m a rk e t and th e re fo re  is  
p ro b a b ly  the  m o s t com m on  m e a s u r in g  m a ch in e  to  be found  
th ro u g h o u t in d u s try  in  b o th  B r i t a in  and A m e r ic a n ,
P la te  No; 2 .1 0  d is p la y s  a D . E . A . o f T u r in ,  I ta ly ,  S igm a 
D Z -A u to  3, w h ic h  is  a fu l ly  a u to m a tic  m e a s u r in g  m a ch in e  w h ic h  
in c o rp o ra te s  an a u to m a tic  to o l m a g az ine , w h ic h  a llo w s  fo r  a 
p ro b e  change and a change f r o m  a h o r iz o n ta l to  v e r t ic a l  p o s it io n  
and v ic e  v e rs a , m a k in g  i t  u n n e ce ssa ry  f o r  th e  in s p e c to r  to  in t e r ­
vene a t a l l  d u r in g  th e  m e a s u r in g  o p e ra tio n .
P la te  No; 2 .11  d is p la y s  a n o th e r D . E . A . , m e a s u r in g  m a ch in e  
c a lle d  th e  A lp h a  B E  - D E A C lG Q l, T h is  m a ch in e  is  des igned  
fo r  m e a s u re m e n t o f v e ry  la rg e  com ponents such  as n u c le a r 
p o w e r p la n ts , la rg e  e le c t r ic a l  m ach in e s  and d ie s e l m o to rs , 
bod ies  o f tu rb in e s ,  e tc .
(See a ls o  P la te  No; 2. a t fa c in g  page fo r  th is  th e s is . T h is  is  the  
M a u s e r C o -o rd in a te  M e a s u r in g  M a ch in e  w h ic h  has s e v e ra l 
o p tions  a v a ila b le  w ith in  the  sys te m , f r o m  m a n u a l to  co m p le te  
c o m p u te r c o n tro l) .
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PLATE No;2.9
F E R R A N T I C O R D A X  C O -O R D IN A T E  M E A S U R IN G  M A C H IN E
F u l l  a u to m a tic  d ir e c t  c o m p u te r c o n tro l c o -o rd in a te  m e a s u r in g  m a ch in e  
w ith  p o w e r d r iv e  on a l l  axes, P D P -1 1  c o m p u te r, D e c w r ite r  In p u t-O u tp u t 
T e r m in a l and a h ig h  speed re a d e r . A n  o p e ra to r 's  re m o te  b u tto n  box is  
a ls o  a v a ila b le  w h ic h  p e rm its  the  o p e ra to r  to  d ir e c t  the  p ro b e  to  the  
d e s ire d  lo c a t io n  and in it ia te s  the  data c o lle c t io n  ro u tin e s  b y  co n ta c tin g  
th e  p a r t w ith  th e  p ro be .
m k i
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PLATE N o:2.l0
D .E .A .  S IG M A C o -o rd in a te  M e a s u r in g  M a ch in e  w h ic h  is  
f u l ly  a u to m a tic  and in c o rp o ra te s  an a u to m a tic  p ro b e  ch a ng e r.
'Ü
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D. E . A . , a c tu a lly  m a n u fa c tu re  m e a s u r in g  m a ch in e s  m uch 
la r g e r  th a n  the  A lp h a , as i l lu s t ra te d ,  but th e se  g e n e ra lly  a re  
cu s to m  b u il t .
I t  is  e v id e n t th a t m e a s u r in g  te ch n o lo g y  w i l l  advance  in  s tep  w ith  
advances in  m a ch in e  to o l te ch n o lo g y . T he  d e ve lo p m en t o f lo w  
co s t c o m p u te rs  has p ro v id e d  e qu ipm en t w h ic h  can m e a s u re  a n y ­
th in g  w h ic h  is  m a n u fa c tu re d . P e r ip h e ra l e q u ip m e n t is  now 
a v a ila b le  w h ich  w i l l  re p ro d u c e  the  re s u lts  o f m e a s u re m e n t in  
e ith e r  2D o r  3D g ra p h ic s . F ro m  the  o r ig in a l d ra w in g s  the  
des igned  fo rm  and the  d im e n s io n s  can be d ig it is e d  and s to re d  in  
the  c o m p u te r. T h e  m e a su re d  fo rm  can be d ig it is e d  and s to re d  
in  a s im i la r  m a n n e r and tra n s m it te d  to  the  sam e s to re . F ro m  
th e  s to re , th e  a c tu a l and des igned  shape can be re c a lle d  and 
s im u lta n e o u s ly  d is p la y e d  in  g ra p h ic  fo rm  on the  s c re e n .
F u tu re  s y s te m s  w i l l  have th e  a b i l i t y  to  m a n ip u la te  b o th  shapes 
in to  'b e s t - f i t '  c o n d itio n . C o m m u n ic a tio n  is  g re a t ly  im p ro v e d  b y  
th e se  s y s te m s , p a r t ic u la r ly  w ith  m u lt ip la n t  o rg a n is a tio n s , c o m ­
ponents can be des igned  a t one lo c a t io n  and p ro d u ce d  at a n o th e r, 
w ith  a d ir e c t  'hu m an  e r r o r  f r e e ' l in k  be tw een  bo th  lo c a t io n s .
In  a p lanned  co m p le x  o f p ro d u c tio n  C, N. C . , m a ch in e s , the  
c o -o rd in a te  m e a s u r in g  m a ch in e  can be the  in s p e c tio n  s a te l l i te  
s e rv ic in g  a n u m b e r o f m a ch in e s . In fo rm a tio n  fo r  p ro d u c tio n  and 
in s p e c tio n  can be fed  f r o m  a la rg e  c e n tra l c o m p u te r to  lo c a l 
data  banks , and a l l  the  in fo rm a t io n  re s u lt in g  f r o m  m a n u fa c tu re  
can be re tu rn e d  f ro m  the  c o -o rd in a te  m e a s u r in g  m a ch in e  and 
s to re d .
T h u s , f r o m  the  s to re , a l l  the  s ta t is t ic a l  q u a li ty  in fo rm a t io n  of 
p ro d u c tio n  tre n d s , p ro c e s s  c a p a b ilit ie s , v a r ia b i l i t y ,  can be
-8 5 -
P L A T E  Noî2 .11
D , E . A 's  A L P H A  C o -o rd in a te  M e a s u r in g  M a ch in e  - can be fu l ly  
a u to m a tic  o r  c o m p u te r a s s is te d . One o f th e  la rg e s t  m o d e ls  m ade 
in  the  w o r ld .
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r e a d i ly  a v a ila b le  to  p ro d u c tio n , d e s ig n  and q u a lity .  A  c lo se d  
lo o p  has th e re fo re  been  ob ta ined , h o ld in g  in fo rm a t io n  and kn o w ­
led ge  o f to ta l q u a li ty  a s s u ra n c e . T h e  concep t o f th e  In s p e c tio n  
C e n tre  is  show n d ia g ra m a t ic a l ly  in  F ig u re  No: 2. 8. T h is  
d e p ic ts  th e  d e ve lo p m en t o f the  p ro d u c tio n  and in s p e c tio n  f r o m  
an in d iv id u a l s y s te m  to  a co m p le te  in te g ra te d  on -  l in e  s y s te m .
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FIGURE No: 2. 8
CONNECTING ROD TRANSFER LINE
ENGINE BLOCK LINE
CRANKSHAFT LINE
I N S P E C T I O N
CENTRE
STATISTICAL 
QUALITY CONTROL
INSPECTION OF LARGE
PRODUCTION PARTS
MACHINING 
CENTRE N.1
MACHINING 
CENTRE N.2
MACHINING 
CENTRE N.n
I N S P E C T I O N
CENTRE
INSPECTION DEPARTMENT
DISPATCH TO IHE INSPECTION DEPARTMENT FOR CERTIFICATION OF THE FIRST PART IN A SERIES
MACHINING 
CENTRE N.2
H
: MACHINING MACHINING MACHINING
1 CENTRE N.1 CENTRE N.3 CENTRE N.n
MACHINING 
CENTRE N.4
ONLINE INSPECTION IN FLEXIBLE 
TRANSFER PRODUCTION SYSTEMS
WASHING STATION 
TO ELIMINATE 
METAL SHAVINGS AND 
SWARF
I N S P E C T I O N
CENTRE
- 8 8 -
C O N N E C T IN G  S U M M A R Y
o C h a p te r 2 p re s e n te d  a h is to r y  o f m e a s u r in g  m a ch in e  deve lopm en t 
e n u m e ra tin g  th e  s tages s ta r t in g  w ith  Joseph  W h itw o r th 's  d is p la y  
o f h is  new m e a s u r in g  d e v ice  in  1855 and t r a c in g  th e  im p ro v e ­
m e n ts  b y  re f in e m e n t on th a t f i r s t  m a ch in e  up to  th e  d e s ig n  o f the  
c o -o rd in a te  m e a s u r in g  m a ch in e  in  the  la te  1950s, T h e  m e a s u r­
in g  m a ch in e  was d iscu sse d  in  re la t io n s h ip  to  i ts  p la c e  in  th e  o v e r ­
a l l  f ie ld  o f in d u s t r ia l  m e tro lo g y  and an a tte m p t was m ade to  c o m ­
p a re  i ts  im p o rta n c e  to  that-^of co n ve n tio n a l m e a s u r in g  equ ipm e n t 
w h ile  re c o g n is in g  th a t th e  la t te r  w i l l  co n tin u e  to  p la y  a ke y  ro le  
in  th e  day to  day m e a s u re m e n t o f a c c u ra c y  in  th e  m a n u fa c tu r in g  
in d u s tr ie s .
o T h e  c u r re n t  's ta te  o f th e  a r t '  c o -o rd in a te  m e a s u r in g  m a ch in e  w h ic h  
re p re s e n ts  a re v o lu t io n a ry  leap  in  m e a s u r in g  te c h n o lo g y  was d is -  
, cussed  a t le n g th , g iv in g  d e ta ils  o f a l l  types  a v a ila b le  to d a y  and the  
m e a s u r in g  c a p a b ilit ie s  o f each typ e . T h e  advance  in  p a ra l le l  to  
m e a s u r in g  m a ch in e  d e ve lo p m en t o f m ic ro c o m p u te rs  and o th e r 
cheap e le c tro n ic s  has lea d  to  the  a d d it io n  o f new  p e r ip h e ra l 
e q u ip m e n t added to  th e  b a s ic  m e a s u r in g  m a ch in e , w h ic h  now p ro v ­
ides m a n u fa c tu r in g  in d u s try  w ith  a to ta l s y s te m . T h e se  sys te m s  
have  th e  c a p a b ili t ie s  o f b e in g  to ta l ly  in te g ra te d  in to  a m a ch in e  to o l 
co m p le x  thus  a c h ie v in g  a c lo se d  loo p  o f fe e d b a ck  data  to  o b ta in  and 
m a in ta in  c o n s is te n t m e a s u re m e n ts  w ith in  p re -d e te rm in e d  t o le r ­
ance bands. E q u a lly  th is  m e a su re m e n t h a rd w a re  can be used as a 
s ta n d -a lo n e  s y s te m  to  c a r r y  ou t a f te r  th e  fa c t m e a s u r in g  a c t iv i t ­
ie s  on s e m i o r  c o m p le te ly  m a ch in e d  com ponen ts .
o T h e  o b je c tiv e  o f c h a p te r 3 is  to  open th e  c e n tra l a rg u m e n t o f 
th is  re s e a rc h  p ro je c t  b y  c lo se  in v e s t ig a tio n  in to  re a l  p ra c t ic a l 
s itu a tio n s  o f te c h n ic a l o rg a n is a tio n a l d e ve lo p m en t a t the  s in g le  
m a n u fa c tu r in g  p la n t o r  e n te rp r is e  le v e l.  T h e  new  te ch n o lo g y  to  
be in v e s tig a te d  in  th is  c h a p te r is  th a t o f th e  n u m e r ic a l c o n tro l 
(N. C. ) m a ch in e  to o l and the  a n tic ip a te d  ou tcom e  o f th is  s tu d y  
w i l l  be f in d in g s  w h ic h  e s ta b lis h  the im p a c t and p ro b le m s  o f N. C . ,
m a ch in e  to o ls  on the  e n te rp r is e .
! . . .  -8 9 -
C H A P T E R  3 - New T e c h n o lo g y  in  a S ing le  M a n u fa c tu r in g  P la n t.
3. 1 -  T H E  O B J E C T IV E  O F  T H IS  C H A P T E R .
T h e  o b je c tiv e  o f th is  c h a p te r is  to  re p o r t  the  f in d in g s  o f a p i lo t  s tu d y  
m ade on a s in g le  m a n u fa c tu r in g  p la n t. T h e  s p e c if ic  a im s  o f th is  p i lo t  
s tu d y  w i l l  be to  a n a lyse  -
1. B a ckg ro u n d  and s tra te g y  b eh ind  s e tt in g  up the  p la n t.
2. R e s u lts  o f o p e ra tio n s  re la te d  to  new te ch n o lo g y .
3. S h ifts  in  e m p lo ym e n t.
4. T e c h n o lo g ic a l d e ve lo p m e n ts .
5. T ra d e  U n io n s ' re a c tio n s  to  new te ch n o lo g y .
6. M anagem en t a tt itu d e  to  new te ch n o lo g y .
7. R e tu rn  on in v e s tm e n t re la te d  to  new te ch n o lo g y .
8. A d vance  c o m m u n ic a tio n s  on new te ch n o lo g y .
9. In flu e n c e  o f new te ch n o lo g y  on the  p la n t.
H ig h lig h ts  o f A im s  and F in d in g s ,
T h e  s tra te g y  b e h in d  s e tt in g  up C a te r p i l la r  T r a c to r  C om p a n y 's  G lasgow  
p la n t is  d iscu sse d  b y  in i t ia l ly  d e ve lo p in g  7 m a jo r  re a so n s  f o r  the  
s e le c t io n  o f th is  p a r t ic u la r  lo c a t io n . T h e se  re a so n s  a rg u e  a case fo r  
p o s it iv e  m a rk e t in g , f in a n c ia l and te c h n ic a l b e n e fits  d i r e c t ly  re la te d  to  
th e  p ro p o se d  s ite  a t G lasgow . In i t ia l l y  the  G lasgow  o p e ra tio n  o f C a te r ­
p i l l a r  was no t s u c c e s s fu l and som e o f the  p ro b le m s  a s so c ia te d  w ith  
th is  fa i lu r e  a re  id e n t if ie d . A m o n g  o th e r fa c to rs  a w eakness in  p ro c e s s  
te ch n o lo g y  is  d is c u s s e d  as a fa c to r  fo r  fa i lu r e .  T o  c o n tra s t the  doubt 
co n c e rn in g  th e  d e c is io n  to  s e le c t G lasgow , a l is t in g  o f 10 p ro v e n  
b e n e fits  is  g ive n . T h is  is  fo llo w e d  b y  a s u m m a ry  o f the  cha llenges  
w h ic h  la y  b e fo re  th e  new m a n u fa c tu r in g  f a c i l i t y  in  th e  e a r ly  1960s. T h e  
re a c t iv e  changes m ade to  the  p la n t in  1964 and o nw a rds  a re  d e ta ile d  
in  the  d is c u s s io n .
In  o rd e r  th a t an a c c u ra te  m e a s u re  be m ade o f the  e ffe c t o f te ch n o lo g y  
and the  p ro g re s s  o f the  G lasgow  P la n t,  the  re s u lts  o f o p e ra tio n s  a re  
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d e ta ile d  and d iscu sse d  o v e r a 1 0 -y e a r  p e r io d . T h e se  m e a su re s  a re  
b ro k e n  down as fo llo w s  -
o F a c to ry  p e r fo rm a n c e .
o C ost o f o p e ra tio n s .
o Sales p r o f i ts  and re tu rn  on asse ts .
E ach  o f the  above s ta t is t ic s  is  su p p o rte d  b y  ta b le s  o f in fo rm a t io n  
w h ic h  a p pe a r to  in d ic a te  a c o r re la t io n  be tw een  the  re s u lts  o f o p e r­
a tio n s  and th e  c o n tr ib u t io n  m ade b y  new te ch n o lo g y .
P r io r  re s e a rc h  in d ic a te s  th a t new te ch n o lo g y  o fte n  re s u lts  in  som e 
fo rm  o f e m p lo y m e n t s h if t  e ith e r  a re d u c t io n  o r  a m o ve m e n t f r o m  one 
re d un d a n t job  to  a n e w ly  c re a te d  a ss ig n m e n t. S h ifts  in  e m p lo ym e n t 
a re  m e a s u re d  f o r  th e  s in g le  p la n t o p e ra tio n  a t C a te r p i l la r  G lasgow  b y  
e x a m in a tio n  and d is c u s s io n  o f e m p lo ym e n t s ta t is t ic s  fo r  a l l  le v e ls  o f 
m a n po w e r o v e r a 1 0 -y e a r  sp re a d . T h e  b ro a d  re s u lts  o f th is  e xa m ­
in a t io n  w ou ld  in d ic a te  o n ly  m a rg in a l changes in  e m p lo y m e n t le v e ls  
w ith in  the  p la n t.
T h e  nex t s e c tio n  o f th is  p i lo t  s tu d y  exam ines in  d e ta il  th e  te c h n o lo g i­
c a l d e ve lo p m en ts  a t C a te r p i l la r  co m m e n c in g  w ith  a th e o re t ic a l base 
and a b r ie f  e x a m in a tio n  o f p r io r  re s e a rc h . Some p o s it iv e  c o r re la t io n  
is  no ted  be tw een  th e  p r io r  re s e a rc h  fin d in g s  and the  s itu a t io n  at 
G lasgow . I n i t ia l  te ch n o lo g y  t r a n s fe r  o f equ ipm en t f r o m  A m e r ic a n  
fa c i l i t ie s  to  G lasgow  is  d iscu sse d , fo llo w e d  a g a in  b y  a s u m m a ry  o f 
the  s ta tu s  a t G lasgow  o f te ch n o lo g y  o f p ro d u c tio n  p ro c e s s e s  as i t  was 
be tw een  1958 and 1966. T h e  lea d  up to  the  in i t ia l  in t ro d u c t io n  o f n u m ­
e r ic a l  c o n tro l eq u ip m e n t is  e xp la in e d  th ro u g h  th e  phases o f p la n n in g , 
p ro d u c t and p ro c e s s  s ta n d a rd is a tio n , in s ta lla t io n  o f N. C. equ ipm en t 
and f in a l ly  m a in ten a n ce  p o lic y , the  la s t  ite m  is  su p p o rte d  b y  a s h o r t 
case s tu d y .
H a v in g  d iscu sse d  the  p h y s ic a l h a rd w a re  o f the  new te ch n o lo g y , the  p i lo t  
s tu d y  opens the  re s e a rc h  to  these  a re as  w h ic h  a re  a ffe c te d  b y  th e  
consequences o f th e  new te ch n o lo g y . T h e  f i r s t  to  be d iscu sse d  is  the
re a c t io n  o f t ra d e  un ions to  new te ch n o lo g y . T h is  d is c u s s io n  is  b ro k e n  
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down b y  each tra d e  un ion  in v o lv e d  w ith  s u p p o rtiv e  case s tu d ie s  o f r e a l 
s itu a tio n s  w h ic h  a ro s e  due to  new te ch n o lo g y  in tro d u c e d  a t G lasgow  
P la n t. T h e  re c e n t p o lic y  b y  th e  T ra d e  U n io n  C o n g re ss  w ith  re s p e c t to  
new te ch n o lo g y  is  d is cu sse d  in  th is  s e c tio n  to g e th e r w ith  th e  b a s ic  
f in d in g s  o f p r io r  re s e a rc h  o f th is  aspect o f new te c h n o lo g y  and tra d e  
un ions .
T he  nex t s e c tio n  in v e s tig a te s  th e  a tt itu d e s  o f v a r io u s  le v e ls  o f m anage ­
m en t to  th e  in t ro d u c t io n  o f new te ch n o lo g y . S e n io r m anagem ent w e re  
seen to  s u p p o rt th e  in v e s tm e n t o f new te ch n o lo g y  w h ile  m id d le  m anage ­
m e n t in i t ia l l y  re s is te d  th is  change*. T h e  re a san s  f o r  th e se  d if fe re n c e s  
a re  d iscu sse d  a t le n g th  aga in  w ith  a b a c k c lo th  o f p r io r  re s e a rc h  f in d in g s . 
T h e  im p o r ta n t re la t io n s h ip  be tw een  new te ch n o lo g y  and the  p o s s ib le  
changes in  o rg a n is a tio n  s tru c tu re s  a re  in v e s tig a te d . C a te r p i l la r  
appea red  to  have m in im u m  fo rm a l change to  the  o rg a n is a tio n  s t ru c tu re  
b u t had m u ch  in fo r m a l o rg a n is a tio n a l a c t iv it ie s  re s u lt in g  f ro m  the  new 
te c h n o lo g y . T h e se  in fo r m a l a c t iv it ie s  now seem  to  be e v o lv in g  in to  a 
m o re  f ix e d  s t ru c tu re  m o d u la te d  w ith in  the  m a in  o v e ra l l  o rg a n is a tio n  
s tru c tu re .  T h e  q u e s tio n  o f how new te ch n o lo g y  a c tu a lly  gets in to  m a n u ­
fa c tu r in g  in d u s try  has s t im u la te d  som e re c e n t re s e a rc h . T h is  p ilo t  
s tu d y  in c lu d e s  tw o  s h o r t case s tu d ie s  on how  c e r ta in  m a n a g e rs  w e re  
m o tiv a te d  to w a rd s  in n o v a tin g  new te ch n o lo g y  w ith in  th e  p la n t.
T h e  w ho le  asp ec t o f e n s u r in g  a r e tu r n  on in v e s tm e n t (R O I) as re la te d  
to  new te ch n o lo g y  is  exa m in e d  in  th is  s e c tio n  o f th e  re s e a rc h  p ro je c t .  
T h e  s y s te m  o p e ra tin g  a t C a te r p i l la r  is  used as a da tum  f r o m  w h ic h  a 
d is c u s s io n  is  deve loped  on w hy the  a n tic ip a te d  re tu rn s  a re  not ach ieved . 
Some in te re s t in g  re c e n t re s e a rc h  f in d in g s  a re  co m p a re d  to  the  C a te r ­
p i l la r  e x p e rie n c e  and v a r io u s  o b s e rv a tio n s  and re c o m m e n d a tio n s  a re  
p ro v id e d .
A d vance  c o m m u n ic a tio n s  w ith in  th e  o rg a n is a tio n  as re la te d  to  new 
te ch n o lo g y  and in  p a r t ic u la r  w ith  tra d e  un ions is  th e  s u b je c t o f the  
p e n u lt im a te  s e c tio n  o f th is  c h a p te r. T h e  fo r m a l s y s te m s  o p e ra tin g  at
C a te r p i l la r  a re  show n fo llo w e d  b y  th re e  case s tu d ie s  on how 
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c o m m u n ic a tio n s  re la te d  to  d if fe re n t  types  o f new  te c h n o lo g y  a ffe c te d  
th e  o p e ra tio n  at G lasgow . T h is  s u b je c t is  a g a in  su p p o rte d  b y  p r io r  
re s e a rc h  in to  the  new te ch n o lo g y  and o th e r changes w h ic h  a ffe c te d  
peop le  a t w o rk .
T h e  f in a l  s e c tio n  o f th e  p i lo t  s tu d y  s u m m a ris e s  th e  in f lu e n c e  and 
e ffe c ts  w h ic h  new te ch n o lo g y , and in  p a r t ic u la r  n u m e r ic a l c o n tro lle d  
m a ch in e  to o ls , have had on G lasgow  P la n t. A n  a tte m p t is  m ade to  
c o r re la te  th e  in t ro d u c t io n  o f N. C. te ch n o lo g y  w ith  s h if ts  in  e m p lo y ­
m e n t and im p ro v e m e n ts  on th e  r e tu r n  on a sse ts . A  ta b le  o f e ffe c ts  
has been  deve loped  f r o m  th is  p i lo t  re s e a rc h  to  b r in g  to g e th e r  a l l  o f 
th e  ke y  com ponen ts  w ith in  the  o rg a n is a tio n , w h ic h  have  been id e n t i ­
f ie d  as h a v in g  been  a ffe c te d  in  som e w ay b y  th e  in t ro d u c t io n  o f new 
te ch n o lo g y . I t  is  the  in te n t io n  o f th is  re s e a rc h  to  r e p lic a te  th is  ta b le  
a t each p o in t in  th e  o v e ra l l  s tu d y  w h e re  new e v id e n ce  is  d is c o v e re d  
to  s u p p o rt th e  g e n e ra l h yp o th e s is  th a t new te c h n o lo g y  has an e ffe c t on 
the  w ho le  e n te rp r is e .
H ow  T h is  P i lo t  S tudy was C onducted .
In fo rm a t io n  was g a th e re d  f r o m  s e v e ra l s o u rc e s  w ith in  the  G lasgow  
P la n t o f C a te r p i l la r  T r a c to r  C om pany L im ite d .  T h e se  so u rc e s  co n ­
s is te d  o f th e  fo l lo w in g : -
o A c c o u n tin g  -  f in a n c ia l and o th e r  m e a su re d  re s u lts  o f o p e ra tio n s  
as docum en ted  s ta t is t ic a l ly  f r o m  1962 to  1977. S p e c if ic  in fo rm a ­
t io n  p ro v id e d  a d e ta ile d  m e a s u re  o f the  G lasgow  P la n t 's  p e r fo r m ­
ance y e a r  b y  y e a r ,  sa le s  g e n e ra te d , p r o f i ts  ga ined  and the  
re s u lta n t  r e tu r n  on th e  in v e s tm e n t.
o P e rs o n n e l -  a c o m p le te  h is to r y  o f th e  fo u n d in g  o f th e  G lasgow  
P la n t to g e th e r  w ith  th e  d e ta ils  o f e m p lo ym e n t changes at a l l  
le v e ls  in  th e  o rg a n is a tio n  o v e r a 10 y e a r  span.
o In d u s t r ia l  R e la tio n s  -  a re v ie w  o f m in u te s  o f m e e tin g s  c o n c e rn ­
in g  d isp u te s  and te rm s  o f re fe re n c e s  a g ree d  to  re s o lv in g  the se  
d isp u te s  on th e  in t ro d u c t io n  o f new te ch n o lo g y .
o P la n n in g  and p la n t e n g in e e rin g  - an e x a m in a tio n  o f a l l  p ro je c ts  
ra is e d  f o r  new N. C . , te ch n o lo g y , the  r e tu r n  on in v e s tm e n t 
a n tic ip a te d  and ga ined . T h e  a sso c ia te d  p ro b le m s  o f in s ta lla t io n  
and u p tim e  on th is  e q u ip m e n t.
T h e  above in fo rm a t io n  m a in ly  ob ta ined  f r o m  com pany  o f f ic ia l  
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d o cu m e n ta tio n  w as su p p o rte d  b y  in te rv ie w s  w ith  p e rs o n n e l a t a l l  le v e ls  
o f e m p lo ym e n t a t th e  p la n t. T h e se  peop le  co n s is te d  o f s e n io r  m a n ag e rs  
m id d le  m a n a g e rs  e s p e c ia lly  a t fa c to ry  l in e  o p e ra tio n s , p la n n in g  and 
o th e r s e rv ic e  s u p p o rt m a n a g e rs , s u p e rv is o rs , s ta f f  e n g in e e rs  and 
h o u r ly  p a id  b lu e  c o l la r  e m p loyees o p e ra tin g  new N . C. m a ch in e  to o ls .
T h e  in fo rm a t io n  was deve loped  m a in ly  f r o m  th e se  2 typ e s  o f a pp ro ach  
es n a m e ly  docum ents  and in te rv ie w s , and was a im e d  a t d e r iv in g  de epe r 
u n d e rs ta n d in g  o f th e  in te rp la y  o f o rg a n is a tio n a l, s o c ia l and te c h n o lo g ic a l 
fa c to rs  on th e  q u e s tio n  o f how  new te ch n o lo g y  a ffe c te d  tho se  fa c to rs  
w ith in  a s in g le  m a n u fa c tu r in g  p la n t.
W hy N u m e r ic a l C o n tro l M a ch in e  T o o ls  a re  o f p a r t ic u la r  in te re s t to  th is  
R e se a rch  P ro je c t .
N u m e r ic a l C o n tro l M a ch in e  T o o ls  o r  N. C . , as th e y  a re  now c o m m o n ly  
kn o w n ,w e re  chosen  as the  c e n tra l fe a tu re  o f th is  f i r s t  p i lo t  s tu d y  fo r  
the  fo llo w in g  b a s ic  re a so n s :
o N. C. m a ch in e  to o ls  w e re  a m a jo r  change o f m a n u fa c tu r in g  te c h ­
n o lo g y  a t th e  G lasgow  P la n t.
o T he  in t ro d u c t io n  o f N. C. a t G lasgow  a p pea rs  to  have been a cco m ­
pan ied  w ith  an im p ro v e m e n t in  the  p la n t 's  o p e ra tio n a l re s u lts .
o T h e re  has been  som e p r io r  re s e a rc h  on the  im p a c t o f N . C. e q u ip ­
m e n t in to  in d u s try .
o T h e  N. C . te c h n o lo g y  is  the  appa ren t cause o f a need fo r  a new 
m e a s u r in g  te ch n o lo g y , the e ffe c ts  o f w h ich  on m a n u fa c tu r in g  
in d u s try  w i l l  be d iscu sse d  e lse w h e re .
o N. C . te ch n o lo g y  has such  a b ro a d  f r o n t  th a t i t  has had som e degree  
o f co n ta c t w ith  a lm o s t e v e ry  fu n c tio n  in  the  G lasgow  p la n t.
I t  is  th e re fo re  o f p a r t ic u la r  in te re s t  th a t N. C . be chosen  as the  f i r s t  
p i lo t  s tu d y  to  d e ve lop  in fo rm a t io n  on the  im p a c t o f te c h n o lo g ic a l change. 
In fo rm a tio n  d e r iv e d  w i l l  be used as a c o m p a ra tiv e  da tum  fo r  fu r th e r  
phases o f th is  re s e a rc h  p ro je c t.
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3. 2 - BACKGROUND TO CATERPILLAR TRACTOR COMPANY,
GLASGOW PLANT.
C a te r p i l la r  T r a c to r  Co. L t d . , is  a s u b s id ia ry  o f the  C a te r p i l la r  
T r a c to r  C o .,  P e o r ia ,  I l l in o is ,  th e  w o r ld 's  le a d in g  m a n u fa c tu re r  o f 
e a r th m o v in g  and m a te r ia ls  h a n d lin g  e qu ipm en t. T h e  B r i t i s h  s u b s id ia ry  
w as o r ig in a l ly  fo rm e d  in  1950 to  p ro v id e  a s o u rce  f o r  C a te r p i l la r  p a r ts  
w ith in  the  s te r l in g  a re a . I ts  o p e ra tio n  s ta r te d  n e a r A c c r in g to n  in  
L a n c a s h ire  and m ove d  to  C o a lv i l le  n e a r L e ic e s te r  in  1951. In  1953 
the se  te m p o ra ry  p re m is e s  w e re  vaca ted  and th e  P a r ts  O p e ra tio n  m oved  
to  the  p re s e n t s ite  a t D e s fo rd  n e a r L e ic e s te r .  In  1956 the  asse ts  o f 
th e  B i r t le y  C om pany w e re  a c q u ire d ; th is  C om pany, lo c a te d  n e a r 
N e w c a s tle -o n -T y n e , had h e ld  a m a n u fa c u r in g  lic e n c e  f r o m  C a te r p i l la r  
T r a c to r  C o . , s in c e  1947 and m ade b u lld o z e rs  and s c ra p e rs ; the  
N e w ca s tle  P la n t has su b seq u e n tly  been e n t ir e ly  r e b u i l t  and r ip p e rs  and 
t r u c k  b o d ie s  have been added to  the  p ro d u c t l in e .
T he  G lasgow  a re a ,fa m o u s  f o r  i ts  s te e l m i l ls ,  w ith  la b o u r  e xp e rie n ce d  
in  th e  s k i l ls  o f s h ip b u ild in g  and o th e r e n g in e e rin g  a c t iv it ie s ,  and o f fe r ­
in g  e x c e lle n t p o r t  fa c i l i t ie s ,  had th e  b e s t c o m b in a tio n  o f the  e s s e n tia l 
re q u ire m e n ts - fo r  C a te r p i l la r 's  th i r d  and la rg e s t  B r i t i s h  fa c i l i t y ,  A  65 
a c re  s ite  was p u rch a se d  at T a n n o ch s id e , n e a r U d d in g s to n , L a n a rk s h ire  
fo r m e r ly  an o ld  m in in g  v i l la g e .  T h e  s ite  was c le a re d  and c o n s tru c tio n  
w o rk  began in  1956. T h is  was to  becom e one o f th e  m o s t m o d e rn  and 
bes t equipped p la n ts  in  E urope^ T h e  o r ig in a l  f lo o r  a re a  o f 680, 000 sq, 
f t . , was in c re a s e d  in  1964 b y  84, 000 s q . f t . , and a g a in  in  1969 b y  a 
£3. 9 m i l l io n  expans ion  p ro g ra m m e , to  a to ta l o f 1, 060, 000 s q . f t . , 
s ite  a re a  a t p re s e n t is  145 a c re s . T h e  d e s ig n  o f th e  fa c to ry  b o th  in  
la y o u t and ap pea rance  had been g ive n  c a re fu l a tte n tio n  and has been 
a c c la im e d  as an "o u ts ta n d in g  c o n tr ib u t io n  to  the  appea rance  o f th e  lo c a l 
scene " b y  the  C iv ic  T ru s t .  T h e  e m p lo ym e n t f ig u re  a t G lasgow  P la n t 
has g ro w n  f r o m  1, 250 in  1958 to  a c u r re n t  f ig u re  o f 2, 500. T o  p ro v id e  
s k i l le d  p e rs o n n e l f o r  fu tu re  re q u ire m e n ts , the  C om pany is  c u r re n t ly  
t r a in in g  75 a p p re n tic e s  and has a lre a d y  tra in e d  m a n y  peop le  in  s h o r te r  
m a ch in e  shop co u rse s  in  a d d it io n  to  th e  fo r m a l a p p re n tic e  t ra in in g  
p ro g ra m m e . N o r  is  th e  t ra in in g  o f m anagem ent p e rs o n n e l ne g le c te d ,
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a M anagem ent D e ve lo p m e n t D iv is io n  has been  e s ta b lis h e d  w h ic h  
o rg a n is e s  and c o -o rd in a te s  s h o r t in -p la n t  co u rs e s  to g e th e r  w ith  
b u s in e ss  co n fe re n ce s  and c o u rs e s  a t U n iv e rs it ie s  in  B r i t a in  and 
A m e r ic a .
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3 .3  - STRATEGY ON FOUNDING OP THE GLASGOW PLAJNTT.
In  1954 i t  w as dec ided  b y  th e  B o a rd  o f D ire c to rs  o f C a te r p i l la r  T r a c to r  
C om pany to  se t up a m a n u fa c tu r in g  p la n t o u ts id e  th e  U n ite d  S ta tes o f 
A m e r ic a ,  T h e  m a jo r  re a so n s  fo r  s e le c t in g  th e  lo c a t io n  a t G lasgow  
w e re  as fo llo w s
*  C re a t io n  o f a m a n u fa c tu r in g  base in  an a lre a d y  e s ta b lis h e d  B r i t is h  
m a rk e t fo r  C a te r p i l la r  p ro d u c ts .
*  A v o id a n c e  o f t a r i f f  b a r r ie r s  w hen B r i ta in  becam e a m e m b e r o f 
th e  E u ro p e a n  E c o n o m ic  C o m m u n ity  (E . E . C. ).
*  B e n e f it  f r o m  gene rous  B r i t i s h  G o ve rn m en t s u b s id ie s  fo r  b u y in g  
c a p ita l e q u ip m e n t such  as m a ch in e  to o ls .
*  A l lo w  d o lla r  s c a rc e  c o u n tr ie s  to  pay fo r  p ro d u c t b u i l t  in  B r i ta in  
r a th e r  th a n  A m e r ic a .
 ^ B e n e f it  f r o m  B r i t is h  G o ve rn m en t d e ve lop m en t schem es a t t ra c t in g
in d u s tr y  to  lo w  c o s t land  p u rc h a s in g  a re a s .
*  S ou rces  lo c a l ly  f o r  good q u a li ty  s te e l in  q u a n tity ,
^ A v a ila b le  s k i l le d  e n g in e e rin g  la b o u r  and good te c h n ic a l e d u c a tio n a l
fa c i l i t ie s .
T h e  m a ch in e  shop cu t i ts  f i r s t  p ie ce  o f m e ta l in  e a r ly  1958 and th e  f i r s t  
G lasgow  b u i l t  t r a c to r  was sh ipped  to  th e  c u s to m e r in  the  au tum n  o f th a t 
y e a r . I t  to o k  a fu r th e r  seven y e a rs  b e fo re  th e  G lasgow  p la n t d e c la re d  
a p r o f i t  and f o r  th is  re a s o n  som e o b s e rv e rs  thoug h t th a t th e  o r ig in a l  
d e c is io n  to  lo c a te  th e  p la n t a t G lasgow  to  be unsound. Some o f the  
m a jo r  p ro b le m s  w h ic h  w e re  c o n s id e re d  to  be th e  cause o f th is  in i t ia l  
fa i lu r e  w e re  -
1. T h e  p ro d u c t m ix  and ra n ge  ass ig n e d  to  th e  p la n t to  m a n u fa c tu re  and 
a s s e m b le  was m uch  to o  d iv e rs e  to  p e rm it  e co nom ies  o f s ca le  o r  
s ta n d a rd is a tio n . T h is  re s u lte d  in  v e ry  s m a ll p ro d u c tio n  b a tch  ru n s  
and cons tan t r e - t r a in in g  o f e m p loyees .
2. T h e  m anagem ent a t s e n io r , m id d le  and even som e s u p e rv is o ry  le v e ls  
w e re  a lm o s t a l l  A m e r ic a n  n a tio n a ls  b ro u g h t o v e r to  th e  new p la n t 
f o r  th re e  to  fo u r  y e a r a ss ig n m e n ts . T h e i r  p r in c ip a l  o b je c tiv e s  
w e re  to  get th e  new p la n t ru n n in g  e f f ic ie n t ly  on C a te r p i l la r  m e thods 
and p ro c e d u re s , t r a in  lo c a l m a n ag e rs  to  re p la c e  th e m , then  r e tu r n  
to  A m e r ic a .  T h e se  o b je c tiv e s  w e re  not m e t and i t  was re p o r te d  
u n o f f ic ia l ly  th a t th e se  A m e r ic a n  m a n a g e rs  had com e fro m  r e la t iv e ly  
lo w  le v e ls  o f m anagem ent in  A m e r ic a n  p la n ts  and d id  no t have 
adequate  e x p e rie n c e  to  ta ke  on s e n io r  a ss ig n m e n ts  in  th e  new p la n t. 
T h e re  w e re  m a n y  p ro d u c tio n  p ro b le m s  and not m a n y  good s o lu tio n s . 
T h e  o b je c tiv e  o f re p la c e m e n t t r a in in g  was no t a tta in e d  and in s te a d  
o f lo c a l m a n a g e rs  g ra d u a lly  ta k in g  o v e r, m o re  A m e r ic a n  m an age rs
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w e re  b ro u g h t in  to  t r y  and re s o lv e  the  c o n tin u in g  in e f f ic ie n c e s . In  
a n u ts h e ll the  m anagem ent o rg a n is a tio n  and d e c is io n -m a k in g  le f t  
a lo t  to  be d e s ire d .
3. A  good d e a l o f th e  f i r s t  m a ch in e  to o ls  and o th e r c a p ita l equ ipm en t 
was second -hand  im p o r te d  f r o m  A m e r ic a n  p la n ts  w h e re  i t  had 
a p p a re n tly  been s u c c e s s fu lly  used fo r  a n u m b e r o f y e a rs . E r r o r s  
w e re  m ade by  A m e r ic a n  p la n n in g  m an ag e rs  a t G lasgow  on the 
a c q u is it io n  o f new m a ch in e  to o ls  and re la te d  e q u ip m e n t. T he se  m is ­
ta ke s  w e re  m ade due to  la c k  o f know ledge  o f the  B r i t is h  and E u ro ­
pean m a ch in e  to o l m a rk e t.  Cheap lo w  h o rs e p o w e r equ ipm en t was 
bought to  p e r fo rm  he avy  dem and ing  i r o n  c u tt in g . E q u ip m e n t b ro k e  
down fre q u e n t ly ,  p ro d u c tio n  was in te r ru p te d  and p r im e  p ro d u c t 
schedu le s  w e re  not a ch ieved .
4. Some o f th e  a fo re m e n tio n e d  A m e r ic a n  n a tio n a ls  on the  m a n u fa c tu r­
in g  s id e  t r ie d  so c a lle d  tough  m anagem ent ap p ro a ch es  to  fo rc e  
th ro u g h  p ro d u c tio n  sch e du le s . T h e  re s u lt  o f th is  was a v e ry  p o o r 
q u a li ty  p r im e  p ro d u c t, w h ich  in  tu rn  re ached  a c u s to m e r who had 
o n ly  e xp e rie n ce d  A m e r ic a n  b u i l t  equ ip m en t. P o o r  re s u lts  cam e 
b a ck  f r o m  the  u s e r in  te rm s  o f e a r ly  h o u r fa i lu r e s  to  th e  ex ten t 
G lasgow  P la n t q u ic k ly  ga ined  an a d v e rs e  re p u ta t io n  fo r  p o o r q u a lity  
and som e c u s to m e rs  in s is te d  on A m e r ic a n  b u i l t  e qu ip m en t.
5. I n i t ia l l y  w hen C a te r p i l la r  se t up a t U dd in g s to n , th e re  was no tra d e  
u n io n  re c o g n it io n  a t a l l ,  th e  o r ig in a l  concep t w as s im i la r  to  IB M , 
in  th a t C a te r p i l la r  b e lie v e d  th a t wage ra te s  and c o n d itio n s  w e re  fa r  
in  excess o f the  a re a  m a rk e t v a lu e  and th e re fo re  no tra d e  un ions 
w o u ld  be n e c e s s a ry . S econd ly , e a r ly  e x p e rie n c e  in  A m e r ic a n  
p la n ts  o f C a te r p i l la r  had show n th a t the  co m pan y  co u ld  get a long  
w ith  i ts  e m p lo ye es  w ith o u t tra d e  un ion  in te r fe re n c e  b u t, u n fo r tu n a te ­
ly  in  A m e r ic a ,  som e o f the  b ig  A u to  W o rk e rs ' U n io n s  had e v e n tu a lly  
m oved  in  f r o m  D e tro it  to  C a te r p i l la r  in  the  m id w e s t and la t t e r ly  
got em p lo ye es  o rg a n is e d . C a te r p i l la r  s e n io r  e x e cu tive s  d id  no t w is h  
th e  sam e m is ta k e  to  happen w ith  th e ir  f i r s t  o ve rse a s  n ia n u fa c tu r -  
in g  o p e ra tio n . R e g re t fu l ly  the  la c k  o f sound a d v ic e , to g e th e r  w ith  
in e x p e r ie n c e d  A m e r ic a n  n a tio n a ls , d id  not c o n s id e r  th e  b a s ic  
fa c to r ,  th a t the  new p la n t had been lo ca te d  in  an  a re a  o f e x tre m e ly  
s tro n g  and d eep ly  t r a d i t io n a l tra d e  un ion  a c t iv ity ,  em a na tin g  on one 
hand f r o m  the  m in in g  in d u s try  and on the  o th e r , f r o m  the  s h ip b u ild ­
in g  and he avy  e n g in e e r in g  in d u s tr ie s .  L ik e  i t  o r  no t, w o rk e rs  in  
the  w es t o f S co tland  had b i t t e r  m e m o rie s  o f bad t im e s  in  the  pas t, 
re la te d  to  re d u n d a n c ie s  and o p p re s s s iv e  m anagem ent and o w ne r 
ta c t ic s ,  so w h e th e r th is  new A m e r ic a n  com pany had the  w o r ld 's  b e s t 
w o rk in g  c o n d itio n s  o r  th e  to p  wages fo r  th e  d is t r ic t ,  the  m a jo r i t y  o f 
the  em p loyees  fe l t  th e y  needed the  p ro te c t io n  o f a tra d e  un ion  a round  
th e m  and, u n lik e  IB M , no fo r m a l g r ie v a n c e  s y s te m  had been co n ­
s id e re d  to  g ive  the  w o rk e rs  a v o ic e  o f p ro te s t.  S ubsequen tly  the  
G lasgow  P la n t to o k  a 1 0 -w e e k  s t r ik e ,  a t the  end o f w h ich , the 
m anagem ent conceded to  tra d e  un ion  re c o g n it io n . T h e  m e m o ry  o f 
th is  m a n a g e m e n t-u n io n  b a tt le  re m a in s  tod a y  d e sp ite  th e  fa c t th a t
a l l  o f th e  le a d e rs  on bo th  u n io n  and m anagem ent s id e s  a re  no 
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lo n g e r  a t G lasgow  P la n t .  (10 w eek s t r ik e  Nov. 1960 to  Jany. 1961).
In  c o n tra s t to  th e  above th e re  was a degree  o f success  w h ic h  su p p o rte d  
a n o th e r sch o o l o f th o u g h t who c o n s id e re d  the  ch o ice  o f G lasgow  fo r  a 
s ite  to  be a good d e c is io n . T h e  b a s is  fo r  th is  re a s o n in g  was as 
fo llo w s
1. T h e  G o ve rn m e n t M o n e ta ry  and F is c a l P o l ic y  a t th a t t im e  had m ade 
i t  v e r y  a t t r a c t iv e  fo r  C a te r p i l la r  to  choose G lasgow , p ro b a b ly  to  
the  d eg ree  th a t no o th e r  s ite  in  B r i ta in  cou ld  have com e c lo se  to  
th is  lo w  c o s t o f se t up, even w ith  T y n e s id e  and South W a les  con ­
s id e re d .
2. E f fe c t iv e  m a rk e t p r ic e  s y s te m s  o f g e n e ra l c o m m e rc ia l typ e  had 
a llo w e d  C a te r p i l la r  to  m a n u fa c tu re  eq u ipm en t a t lo w  - la b o u r cos ts  
( v is - a - v is  A m e r ic a n  la b o u r  cos ts ) and s e l l  a t A m e r ic a n  p r ic e s  w ith in  
E u ro p e a n  a re n a  o f th e  E . E . C . , in i t ia l ly  as a non m e m b e r bu t 
e v e n tu a lly  as a m e m b e r.
3. T h e  tra n s p o r t in g  o f goods w as fa c i l i ta te d  w ith  re a d y  m ade ro a d  
n e tw o rk s  and e ff ic ie n t p o r ts  f o r  s h ip p in g .
4. T h e  peop le  had good e n g in e e rin g  s k i l ls  and a lo n g  t r a d i t io n  o f 
e n tre p re n e u r ia l d r iv e  and th e re  w e re  good te c h n ic a l e d u ca tio n  and 
t r a in in g  sy s te m s  a v a ila b le .
5. T h e re  w as a re a d y  su p p ly  o f th e  b a s ic  ra w  m a te r ia l ,  n a m e ly  s te e l.
6. T h e  W e s t o f S co tland  a re a  had a lre a d y  a lo n g  l i s t  o f fam ou s  
co m p an ie s , som e new, som e lo n g  e s ta b lis h e d , som e B r i t is h  and 
A m e r ic a n  owned. I t  was th e re fo re  a n tic ip a te d  th a t lo c a l m anage ­
m e n t e x p e r t is e  co u ld  be re c ru ite d .
7. T h e  C a te r p i l la r  m anagem ent o rg a n is a tio n  s tru c tu re s  w e re  re a s o n ­
a b ly  s im p le  and f le x ib le ,  m o re  o rg a n ic  th a n  b u re a u c ra t ic  o r  
m e c h a n is t ic .
8. T h e  m o th e r  language  w as com m on  to  A m e r ic a  and B r i ta in .
9. I t  p e rm it te d  a b e t te r  o p p o r tu n ity  to  m ee t c o m p e tit io n  f r o m  both  
A m e r ic a n  m a n u fa c tu re rs  and non A m e r ic a n  m a n u fa c tu re rs  b y  o f fe r in g  
b e t te r  p r ic e d  p ro d u c ts  w ith  th e  sam e te c h n o lo g ic a l base.
10. T h e  P re s id e n t o f th e  C om pany, a fo r m e r  G la sw e g ian , was v e ry  
m u ch  in  fa v o u r  o f G lasgow  and w ou ld  o b v io u s ly  use h is  p o w e r and 
in f lu e n c e  to  m ake  i t  w o rk .
C ha llenges fo r  th e  E a r ly  1960s
In  the  e a r ly  to  m id  1960s, seven  s p e c if ic  ch a lle ng e s  w e re  id e n tif ie d  b y
C a te r p i l la r  m a n a g e rs  at th e  G lasgow  P la n t .  T h e se  ch a lle ng e s  a re
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s u m m a r is e d  as fo llo w s :
1. A  le s s  th a n  a cce p ta b le  p r im e  p ro d u c t w h ic h  had a p o o r re p u ta t io n  
am o ngs t c u s to m e rs  f o r  r e l ia b i l i t y ,  d u r a b i l i t y  and p e rfo rm a n c e .
2. A  p o o r le v e l o f fa c to ry  p e r fo rm a n c e  in  te rm s  o f e f f ic ie n t  use o f 
la b o u r  h o u rs  in  the  p ro d u c tio n  o f com ponen ts .
3. A  w a g e /e f fo r t  d r i f t  d ile m m a  was b e g in n in g  to  have an e ffe c t on 
p re v io u s ly  good co s t c o m p a ris o n s  to  A m e r ic a n  p la n ts ,
4. A  h ig h  le v e l o f s c ra p , w as te  and re w o rk  a g a in  a ffe c t in g  cos t o f 
m a n u fa c tu re .
5. A  s tro n g  tra d e  un ion  o rg a n is a tio n  no t e n t i r e ly  encouraged  b y  the  
m anagem ent g ro u p  b y  c o m m u n ic a tio n , c o -o p e ra t io n  o r  any fo rm  o f 
p a r t ic ip a t io n .  In  fa c t the  tw o  g roups  re m a in e d  h o s t i le  s in ce  the  
e a r ly  days o f th e  1 0 -w eek s t r ik e ,  the  w o rk  fo rc e  w as in f le x ib le  
and re s is ta n t .
6. A  p ro d u c t m ix  w h ich  was m u ch  too  d iv e rs e  f o r  a p la n t o f th is  s iz e  - 
th e  e a r ly  d e c is io n s  to  m a n u fa c tu re  had not been  p ro p e r ly  s tu d ie d  
f r o m  the  aspec t o f o v e ra l l  m a n u fa c tu r in g  e f f ic ie n c y .
7. A  le s s  th a n  a cce p ta b le  te c h n o lo g ic a l base o f p ro d u c tio n  eq u ipm e n t.
Changes m ade to  th e  P la n t in  19 64 and O n w a rds .
T o  m e e t the  ch a lle n g e s  l is te d  above the  fo llo w in g  m a jo r  changes w e re
m ade to  the  G lasgow  P la n t ; -
^ In  1964 th e  p h y s ic a l s iz e  o f th e  m a in  b u ild in g  w as expanded by  
84, 000 sq u a re  fe e t.
*  T h is  a d d it io n a l space was f i l le d  w ith  new m a ch in e  to o ls , heat t r e a t  
equ ipm en t and m o re  a s s e m b ly  space w as c re a te d .
*  In  1966 th e  f i r s t  N u m e r ic a l C o n tro lle d  (N. C. ) m a ch in e  to o ls  w e re  
in s ta lle d .
T h e  f i r s t  o f the  tw o  m a jo r  ra t io n a lis a t io n s  o f p r im e  p ro d u c ts  was 
in s tru m e n te d  in  1967. T w o  y e a rs  la te r  th e  second phase red uce d  
th e  n u m b e r o f m o d e ls  f r o m  5 down to  3. A lm o s t  im m e d ia te ly  the  
m a ch in e  shop w as a b le  to  in c re a s e  b a tch  s iz e s  and g a in  econom ies  
o f s ca le .
^ In  1969 the  m a in  b u ild in g  w as aga in  expanded to  a to ta l a re a  o f one 
m i l l io n  sq u a re  fe e t and m o re  new eq u ip m e n t w as a c q u ire d  w ith  
p a r t ic u la r  e m p ha s is  on N. C. m a ch in e  to o ls .
^ B y  1973 a l l  o f th e  m anagem ent pos ts  w e re  f i l le d  b y  B r i t is h  n a tio n ­
a ls . T h e  p la n t m anagem ent te a m  had m oved  f r o m  an e th n o c e n tr ic
(A m e r ic a n  n a tio n a ls )  to  a g e o c e n tr ic  ( B r i t is h  n a tio n a ls ) base.
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3 .4  .  R E S U LT S  O F  O P E R A T IO N S  A T  GLASG OW  P L A N T  B E T W E E N  
1968 A N D  1977 H IG H L IG H T IN G  SOME E F F E C T S  O F NEW  
T E C H N O L O G Y  O N T H E  R E S U LT S .
W ith  the  above changes, G lasgow  P la n t began to  show  im p ro v e d  
re s u lts  in  th e  fo llo w in g  m e a s u re s ;
A . F a c to ry  p e r fo rm a n c e .
B . C os t o f o p e ra tio n s .
C. S a les, p r o f i ts  and r e tu r n  on a sse ts .
T h e s e  re s u lts  have been e x tra c te d  f r o m  C om pany s ta t is t ic s  and a re  
show n o v e r a p e r io d  o f 10 y e a rs  f r o m  1968 to  1977, on th re e  ta b le s . 
T h e  a n a ly s is  o f each ta b le  is  g ive n  b e lo w . - - _
A . F a c to ry  P e r fo rm a n c e . T a b le  No; 3 .1
C a te r p i l la r  p la c e  g re a t im p o rta n c e  on the  u t i l is a t io n  o f d ir e c t  la b o u r , 
and m e a s u re  on a d a ily  b a s is , th e  e ffe c tiv e n e s s  o f th e  p la n t b y  c o m ­
p a r in g  th e  s a le a b le  h o u rs  spent b y  each d ire c t  o p e ra to r  to  the  a c tu a l 
h o u rs  spent in  th e  p la n t. (S a leab le  h o u rs  a re  th o se  m e a su re d  by  
w o rk s  s ta n d a rd s , m a k in g  p a r ts  o r  a s s e m b lin g  p ro d u c t -  C a te r p i l la r  
te rm  th e se  h o u rs  as base h o u rs ) . W hen th e  base h o u rs  a re  d iv id e d  
b y  th e  a c tu a l h o u rs , a r a t io  o f p e r fo rm a n c e  f ig u re  is  ach ieved . T h e  
g re a te r  the  n u m b e r o f base h o u rs  g e ne ra ted  a g a in s t th e  a c tu a l h o u rs  
spen t, th e n  th e  b e t te r  w i l l  be th e  p e rfo rm a n c e  o f, f i r s t l y ,  the in d iv id ­
u a l o p e ra to r  and u lt im a te ly  the  w ho le  p la n t. C o n s tra in ts  on a c h ie v in g  
good p e r fo rm a n c e  a re  re la te d  to  m a te r ia l  a v a ila b i l i t y ,  m a ch in e  to o l 
u p tim e  o r  the  o p e ra to r ,  in  te rm s  o f com petence  a n d /o r  e f fo r t .  A s  a 
fu r th e r  m e a s u re  o f e ffe c tiv e n e s s , the  re p o r te d  p e r fo rm a n c e  has to  
be a n a lyse d  in  te rm s  o f how  m uch  t im e  was spen t b y  th e  o p e ra to r  
ru n n in g  s c ra p  com ponen ts , and how m uch  t im e  w as spent on r e w o rk ­
in g  p a r ts ,  w h ic h  w e re  in c o r re c t  bu t not s c ra p . T h is  m e a s u re  is  
te rm e d  D ir e c t  L a b o u r  Y ie ld  (D L Y ) and p ro v id e s  a t r u e r  a sse ssm en t 
o f the  p la n t 's  e ffe c tiv e n e s s . T h e  d if fe re n c e  be tw een  th e  p e r fo rm a n c e  
and the  D L Y  p e rce n ta g e s  is  th e re fo re  the  lo s s  in  re la t io n s h ip  to  the 
com b in ed  e ffe c ts  o f s c ra p  and re w o rk  h o u rs .
! . . .  -101-
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W ith  the  above b r ie f  e xp la n a tio n  o f the  s y s te m  o f m e a s u re m e n t, one 
can o b s e rv e  f r o m  T a b le  No: 3 .1 , th a t th e  G lasgow  p la n t im p ro v e d  the  
p e r fo rm a n c e  p e rce n ta g e  b y  18. 55%, D L Y  b y  22. 72%, and re duce d  
the  lo s s  b y  4. 57% o v e r th e  1 0 -y e a r  p e r io d . A c tu a l h o u rs  d ropped  b y  
the  o rd e r  o f 21%, y e t the  n u m b e r o f base  h o u rs , w h ile  not in c re a s in g  
d id  not d e c re a se , in  e ffe c t m o re  " s a le a b le "  h o u rs  w e re  g ene ra ted  
fo r  fe w e r  m an h o u rs , th e re fo re  the  o v e ra l l  la b o u r  y ie ld  im p ro v e d . 
Ig n o r in g  th e  u n e xp la in a b le  d ro p  in  re w o rk  h o u rs  be tw een  1968 and 
1969, th e  a m o un t o f h o u rs  spent on re w o rk  has not changed, a v e ra g ­
in g  32, 000 h o u rs  p e r  annum . S crap  has re d u ce d  s u b s ta n t ia l ly  and is  
th e  m a jo r  cause o f th e  im p ro v e m e n t in  D L Y  lo s s  p e rce n ta g e . G lasgow  
P la n t has r a r e ly  s u ffe re d  f r o m  lo n g  te rm  s h o rta g e s  o f m a te r ia l  and 
i t  is  u n lik e ly  th a t changes in  m a te r ia l  a v a i la b i l i t y  had any con­
t r ib u t io n  to  th e  above im p ro v e m e n ts . T h e  2 m a jo r  c o n tr ib u tio n s  have 
com e f r o m  im p ro v e d  la b o u r  com petence  and th e  e ffe c t o f new and 
im p ro v e d  e q u ip m e n t.
B . C os t o f O p e ra tio n s  - T a b le  N o: 3. 2
T h e  co s t o f o p e ra tio n s  a t C a te r p i l la r  is  s u m m a r is e d  un de r d e p a r t­
m e n ta l co s ts  (e xp re sse d  in  p e r io d  o r  f ix e d  c o s ts , then  as to ta l  co s ts ), 
u n a llo ca te d  co s ts  and th e  co s t o f h o ld in g  d ire c t  in v e n to ry .
D e p a r tm e n ta l p e r io d  and to ta l co s ts  bo th  in c re a s e d  b y  29 p e rc e n t 
o v e r th e  1 0 -y e a r  p e r io d  a g a in s t a 20 p e rc e n t im p ro v e m e n t in  sa les  
va lu e . One sh ou ld  o b s e rv e  th a t the  ra t io  o f p e r io d  and to ta l cos ts  to  
th e  sa le s  v a lu e  im p ro v e d  b y  4. 03 and 7. 66 p e rc e n t re s p e c t iv e ly .
T h is  in d ic a te s  th a t, as sa le s  v o lu m e  in c re a s e d , co s ts  w e re  c o n tro lle d  
a lm o s t e q u a lly  be tw een  the  p e r io d  and v a r ia b le  acco un ts . T h e  p la n t 
succeeded in  a c h ie v in g  m o re  ou tpu t f o r  le s s  co s t o v e r th is  p e r io d  
w ith  the  tre n d  a p p a re n tly  c o n tin u in g  in  th is  g e n e ra l d ire c t io n .
U n a llo c a te d  co s ts  a re  those  co s ts  w h ich  a re  ke p t in  a g e n e ra l accoun t 
and c o v e r the  fo l lo w in g : -
/ .  . . . - 1 0 3 -
COST OP OPERATIONS
Standard Cost (£*000^s)
TABLE NO. 3 . 2
Year S a le s Period % T otal % U nallocated
1968 19716 2545 12.91 5107 25.90 1483
1969 20504 2909 14.19 5678 27.69 1426
1970 22384 3458 15.45 6349 28 .36 1694
1971 20897 3385 16.20 5734 27 .45 1707
1972 18686 3261 17.45 5302 28 .37 1789
1973 27048 . 4391 16.23 7278 26.91 2229
1974 ^984 5879 15.89 9440 25 .52 2702
1975 60160 7593 12.62 13154 21 .86 4308
1976 67275 7392 10.99 14515 21 .58 4348
1977 97092 8623 8 .88 17706 18.24 5591
Change RATIO 4.9+ 4.03^ + 7.66^  + 26^ +
DIRECT INVENTORY STATISTICS
Standard Cost (£*000 s^ )
Year
1968
1969
1970
1971
1972 
197?
1974
1975
1976
1977
Change
December
Inventory
3978
387?
4629
2982
3021
5259
5351
4657
4910
12565
Average o f  
Follow ing  
3 Mths' Usage
1268
1469
1261
1011
1279
1844
1848
1780
i960
5008
Months' 
Supply
3.14
2.64
3 .6 7
2 .95
2.36
2 .8 5
2 .90
2 .62
2.51
2 .51
80^ Improvement
- 1 0 4 -
M ajor C o sts  R atio  F a c to r  In c r e a s e
1968 -  1977
o D e p re c ia t io n  5, 6
o F re ig h t  1. 7
o In s u ra n c e  4 .2
o P o w e r  and Gas 1 .7
o T a xe s  2. 6
T h e  to ta l  u n a llo c a te d  cos ts  in c re a s e d  b y  a fa c to r  o f 3. 8 o v e r th is  10 - 
y e a r  p e r io d  b u t i t  shou ld  be no ted  th a t th e  m a jo r  c o n tr ib u t io n  to  th is  
in c re a s e  w as d e p re c ia t io n ,w h ic h  in d ic a te s  th e  in c re a s in g  am oun t o f 
c a p ita l e q u ip m e n t w h ic h  has to  be d e p re c ia te d . One shou ld  e q u a lly  
o b s e rv e  th a t th e  co s t o f p o w e r and gas, d e s p ite  a 17 p e rc e n t in c re a s e  
o v e r th e  10 -y e a r  p e r io d , is  no t s u b s ta n tia l c o n s id e r in g  th e  g e n e ra l 
in c re a s e s  in  th e  co s t o f e n e rg y . T h e  in d ic a t io n  h e re  is  th a t new te c h ­
no lo g y  in  te rm s  o f one N, C . m a ch in e  to o l re p la c in g  s e v e ra l co n v e n tio n a l 
m a ch in e  to o ls  w ith  le s s  h o rs e p o w e r re q u ire d  f o r  m u ch  g re a te r  p ro d u c t­
iv i t y .
D ir e c t  in v e n to ry  o v e r  the  10-y e a r  p e r io d  has been  h e ld  v e r y  s teady , 
indeed  w ith  o n ly  an in c re a s e  in  va lu e  o f a p p ro x im a te ly  £1 m i l l io n  (1977 
f ig u re s  a re  ig n o re d  as th is  w as a y e a r  w hen s ta n d a rd  co s ts  w e re  
re v is e d ) . T h e  n u m b e r o f m on ths  su p p ly  o f m a te r ia l  d ropped  b y  0, 63 
o f a m o n th  sh o w in g  an im p ro v e d  c o n tro l on c a p ita l t ie d  up in  d ire c t  
in v e n to ry ,
C. Sales P r o f i t s  and R e tu rn  on A s s e ts  -  T a b le  N o: 3. 3
In  o rd e r  to  show  the  a c tu a l p o in t o f chang ing  f r o m  a lo s s  to  a p r o f i t  
m a k in g  fa c i l i t y .  T a b le  No; 3. 3 has been extended  to  r e f le c t  17 y e a rs  o f 
o p e ra tio n  a t G lasgow  p la n t. F ro m  th is , da ta  one can  see on T a b le  No:
3. 3 th a t a n e g a tiv e  r e tu r n  on a sse ts  was re f le c te d  s in ce  1962, s im i la r  
lo s s e s  w e re  re f le c te d  p r io r  to  1962, I t  sh o u ld  be no ted  th a t a sse ts  w e re  
in c re a s e d  b y  o v e r  £1 m i l l io n  be tw een  1964 and 1965 due to  th e  p la n t 
expans ion  and new  e q u ip m e n t as p re v io u s ly  re p o r te d . Sales in c re a s e d  
b y  o v e r  £3 m i l l io n  in  1965 o v e r 1964 and f o r  th e  f i r s t  t im e  in  i ts  h is to r y  
G lasgow  p la n t re f le c te d  a s m a ll  p r c ÿ ^ and a r e tu r n  on a sse ts  o f 2. 76
I  • • •  •
percent.
A n a ly s is  o f these  ta b le s  w i l l  now co n tinue  as o f 1968 in  kee p in g  w ith  
T a b le s  N os: 3 .1  and 3. 2 as p re v io u s ly  d iscu sse d .
Sales w e re  show n to  have im p ro v e d  b y  a fa c to r  o f 4, 9 in  T a b le  No: 3. 2. 
W hen these  va lu e s  a re  re f le c te d  p e r  head o f e m p lo ye e  as show n in  
T a b le  No: 3,4 one no tes an in c re a s e d  fa c to r  o f 5 .4 2 . S im ila r ly *w h e n  
p r o f i t  a f te r  ta x  i ^  e xp re sse d  in  th e  sam e m a n n e r, i t  shows th a t p r o f i t  
P er em p loyee  im p ro v e d  b y  a fa c to r  o f 8. 2. T h e  n u m b e r o f em p loyees 
has a c tu a lly  re d u ce d  o v e r th e  10 -y e a r  p e r io d  and the se  changes in  
m a n p o w e r w i l l  be d iscu sse d  la te r .
T h e  a ve ra g e  v a lu e  o f to ta l a sse ts  m o re  th a n  doub led  o v e r th e  10-y e a r  
p e r io d  n o ta b ly  w ith  a s iz e a b le  in c re a s e  o f a lm o s t £2 m i l l io n  be tw een  
1969 and 1970 ,w hen m o re  new te ch n o lo g y  w as a c q u ire d  to  occupy the 
th e n  re c e n t ly  expanded p la n t. R e tu rn  on a s s e ts , ( p r o f i t  a f te r  ta x  
o v e r a ve ra g e  v a lu e  o f a sse ts ) had in c re a s e d  q u ite  s u b s ta n t ia lly  o v e r 
the  10- y e a r  p e r io d  w ith  o n ly  s l ig h t  d e c rea se s  in  1969 and 1970. T h is  
m e a s u re  re f le c ts  th e  p r im a r y  p e r fo rm a n c e  o f p r o f i t a b i l i t y  o f th e  
G lasgow  p la n t to  be h e a lth y . W hen re la te d  w ith  s a le s  v a lu e  to  a ve ra g e  
assets  v a lu e , one has a m e a s u re  o f how in te n s iv e ly  th e se  a sse ts  a re  
b e in g  e m p lo ye d , o r  in  o th e r  w o rd s , how e f f ic ie n t ly  p la n t and e qu ipm en t 
is  b e in g  u t i l is e d .  W ith  a r e tu r n  on a sse ts  m o v in g  f r o m  1 4 .1 8  to  52. 75 
p e rc e n t and a s a le s  to  assets ra t io  chang ing  f r o m  1. 72 to  3. 76 o v e r 
1968 to  1977, th is  w ou ld  in d ic a te  coup led  w ith  th e  d e c re a se  in  m a n po w e r, 
th a t th e se  re s u lts  a re  e m ana ting  f r o m  th e  c a p ita l e q u ip m en t e m p loyed  
and no t th e  e ffe c t o f la b o u r  in te n s if ic a t io n .
-106-
RETUm ON ASSETS
Table No: 3. 3.
Year
Average
A ssets S a les
P r o fit or 
Loss( )
Return on 
A ssets
R atio S a les  
to  A s s e ts ,
1962 7492 6664 324( ) 4 .32 ( ) .89
1963 7776 6056 415( ) 5 .34 ( ) .79
1964 9307 8427 180 ( ) l . 93 ( ) .91
1965 10742 11695 276 2 .76 1.08
1966 11077 14997 783 3 .4 5 1 .35
1967 11392 17065 883 7.74 1 .5
1968 11468 15716 1555 13.56 1.72
1969 11816 20504 1272 10.77 1.74
1970 13256 22384 1371 10.34 1.69
1971 13333 20897 1610 12.09 1.57
1972 12183 18686 1445 11.83 1.53
1973 13457 27048 2448 18.19 2.01
1974 16218 36984 2709 16.69 2.28
X975 18560 60160 5428 29.22 3 .24
1976 21765 67275 6541 30 .03 3 .09
1977 25816 97092 13618 52.75 3.76
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Table No: 3, 4
SALES & PROFITS PER EMPLOYEE P e r  e m p loyee
Year
Average
Employees S a les
or L o ss  ( ) 
P r o fit a fter  tax
1962 1520 4584 388( )
1963 1481 4090 509( )
1964 1715 4914 191( )
1965 2117 5525 254
1966 2420 6197 288
1967 2547 . 6700 631
1968 2590 7620 - 916
1969 2716 7549 468
1970 2678 8359 512
1971 2356 8870 683
1972 2098 8907 767
1973 2558 11569 1047
1974 2353 15718 1151
1975 2350 25600 2310
1976 2312 29098 2829
1977 2349 41333 5187
SINCE 1968 - RATIO 5 .4 RATIO 8 ,2
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3 . 5 -  S H IFT S  IN  E M P L O Y M E N T  FO R  A L L  L E V E L S  O F E M P L O Y E E S  
B E T W E E N  1968 A N D  1977.
A n  in te re s t in g  fe a tu re  o f the  G lasgow  p la n t 's  h is to r y  is  re la te d  to  th e  
s h if ts  in  e m p lo ym e n t o v e r th e  1 0 -y e a r  p e r io d  o f 1968 to  1977. T a b le  
No: 3.5 shows th a t th e re  has been a d ro p  in  to ta l em p loyees  o f a p p ro x , 
10 p e rc e n t, h o w e ve r th is  f ig u re  is  m is le a d in g  and has to  be fu r th e r  
exp la ine d . D ue to  a f a l l  in  o rd e rs  fo r  the  p r im e  p ro d u c t in  1972, a 
re d u n d a n cy  was d e c la re d  and 547 em p loyees le f t  th e  C om pany be tw een  
th a t y e a r  and th e  n e x t. T h e  b re a kd o w n  o f the  547 e m p loyees  b y  p a y ­
r o l l  was as fo llo w s
E m p lo ye e s % of
E m p lo ye e s  m ade re d u n d a n t: No: T o ta l:
D ire c t  la b o u r  h o u r ly  p a y r o l l 235 43
In d ir e c t  la b o u r  h o u r ly  p a y r o l l 204 37. 3
S ta ff e m p loyee s  - w ee k ly  p a y r o l l 95 1 7 .4
S ta ff em p loyee s  - m o n th ly  p a y r o l l 13 2 .4
T O T A L 547 100%
T h e  f i r s t  s h if ts  in  e m p lo ym e n t is  co n ce rn e d  m a in ly  w ith  h o u r ly  p a id  
em p loyees and s in c e  1972 the  to ta l m an p o w e r has in c re a s e d  b y  219 
em p lo ye e s , 164 d ire c t  p lu s  74 in d ire c t  h o u r ly  p a y r o l l  le s s  15 fe w e r  
w e e k ly  and 4 fe w e r  m o n th ly  s ta f f  p e rs o n n e l. In  p e rce n ta g e  te rm s  to  
to ta l m a n p o w e r th e  d ire c t  h o u r ly  p a y ro l l  has in c re a s e d  b y  4 p e rc e n t, 
in d ire c t  no change,and th e  w e e k ly  and m o n th ly  s ta ffs  have b o th  d ropped  
by  2 p e rc e n t re s p e c t iv e ly  o v e r th e  s ix  y e a rs  s in c e  th e  red un d a ncy  and 
up to  1977.
T h e  s ig n if ic a n c e  o f th e se  changes in  m a n p o w e r re la te d  to  th e  p re v io u s ly  
d is cu sse d  s ta t is t ic s  on p la n t p e r fo rm a n c e  w ou ld  in d ic a te  a n e ga tive  
re la t io n s h ip  b e tw een  in c re a s e s  in  m a n po w e r and in c re a s e s  in  p r o f i t ,  
p ro d u c t iv i ty  and sa le s . In  a re c e n t ly  p u b lis h e d  re s e a rc h  b y  S w ords 
Is h e rw o o d  and S enker o f U n iv e rs ity  o f Sussex on b e h a lf o f the  E n g in e e r in g  
In d u s try  T ra in in g  B o a rd , i t  was o b se rve d  th a t in  N. C. m a ch in e  shops 
in  G re a t B r i ta in ,  th e re  had been  s u b s ta n tia l in c re a s e s  in  p ro d u c tio n
o v e r th e  la s t  seven  to  e ig h t y e a rs  w ith  no c o rre s p o n d in g  in c re a s e  in
-1 0 9 -
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TABLE KO. : 3 . 5
SHIFTS IN EMPLOYMENT I968 TO 1977 
ALL LEVELS OF MANPaÆR
AVERAGE EMPLOYMENT 
( ) PERCENTAGE OF TOTAL EMPLOYEES
SINCE
1972.
Year Hourly D irect Hourly In d ir ec t Weekly Monthly T otal
1 9 ^ 1001 (38) 859 ( 33) 452 (17) 276 (11) 2590 (100)
1969 1009 937 466 304 2716
1970 1029 (38) 865 (32) 471 (18) 312 (11) 2677
1971 855 759 431 311 2356
1972 • 794 (37) 661 (31) 376 ( 17) 299 ( 14) '2130
1973 984 683 378 293 2338
1974 979 (41) 699 (30) 381 (16) 294 (12) 2353
1973 990 700 368 292 2350
1976 945 7C9 366 292 2312
1977 958 ( 41) 735 (31) 361 ( 15) 295 (12) 2349
+68.77 -43 -124 -91^^ -19 -241
{ 5i ) ( 15%) ( 25%) ( 7%) (10%)
CHANGES + l64 4-74 -15 -4 +219
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e m p lo ym e n t ( 1 3 ) .  T h e  G lasgow  p la n t seem s to  c o r re la te  e x a c tly  
w ith  th e  above lo n g itu d in a l s tu d y  and suggests  th a t th e  in c re a s e  is  
c o m in g  p r im a r i ly  f r o m  the  e ffe c t o f new te ch n o lo g y .
T h e  second s h if t  in  e m p lo ym e n t co n ce rn s  the  w e e k ly  and m o n th ly  p a y ­
r o l ls  and is  o f p a r t ic u la r  in te re s t  to  th is  re s e a rc h  p ro je c t , In c re a s in g ly  
th e  l i t e r a tu r e  is  in d ic a t in g  th a t advanced te c h n o lo g y  and a u to m a tio n  is  
ca u s in g  a s h if t  in  m a n po w e r f r o m  b lu e  c o l la r  m a n u a l ta s k s  to  w h ite  
c o l la r  s ta f f  a s s ig n m e n ts . A b b o t in  a s tu d y  o f n ine  e n g in e e rin g  f i r m s  
p u b lish e d  in  1978, show ed th a t in  re la t io n s h ip  to  te c h n o lo g ic a l change, 
p ro fe s s io n a l and w h ite  c o l la r  s ta f f  em p loyees had c o n s id e ra b ly  in c re a s e d  
as a p ro p o r t io n  o f th e  to ta l la b o u r  fo rc e . T h e se  in c re a s e s  w e re  
o b se rve d  in  th e  c o m p u te r s ta ff ,  te c h n ic a l s e rv ic e s  co n ce rn e d  w ith  
d e s ig n  and q u a li ty  c o n tro l and o th e r m a tte rs  w h ic h  caused th e  s iz e  and 
im p o rta n c e  o f th e  w h ite  c o l la r  s e c tio n s  o f th e  f i r m s  to  in c re a s e . 
A b b o t 's  r e p o r t  d id  not in c lu d e  any f in a n c ia l da ta  on th e se  f i r m s , i t  is  
th e re fo re  not p o s s ib le  to  c o r re la te  the  change in  m a n p o w e r le v e ls ,  
in c re a s e  in  te c h n o lo g y  and success in  te rm s  o f f in a n c ia l  m e a s u re s .(14). 
T h e  G lasgow  p la n t re s u lts  on s h if ts  in  e m p lo ym e n t on w e e k ly  and 
m o n th ly  s ta f f  w o u ld  in d ic a te  th a t r a th e r  than  add m o re  s ta f f  to  the  
p a y ro l l  to  m e e t th e  in c re a s in g  s o p h is t ic a tio n  o f te c h n o lo g y ,w h ic h  m a y  
com e to  th e  p la n t, p e o p le 's  job  c la s s if ic a t io n s  and a s s ig n m e n ts  a re  
b e in g  e n la rg e d  and re c la s s if ie d  to  m e e t th is  need. A dded  to  th is  as w i l l  
be co v e re d  la te r ,  h o u r ly  p a y ro l l  em p loyees a re  g e tt in g  a sh a re  o f 
h a n d lin g  the  new te c h n o lo g y  f r o m  an aspect o f p ro g ra m m in g  and c o n tro l 
T h e re  i s , i t  w ou ld  seem ,a  re v e rs e  t id e  o f c o n tro l m o v in g  b ack  to  the  
shop f lo o r .
- I l l -
3 . 6 -  TECHNOLOGICAL DEVELOPMENTS AT GLASGOW PLANT.
T h e  p re v io u s  s e c tio n  d e s c r ib e d  the  s tra te g y  b e h in d  th e  e s ta b lis h m e n t 
o f C a te r p i l la r  a t G lasgow  and re la te d  som e o f th e  e a r ly  p ro b le m s  and 
successes a ch ie ve d  b y  th is  s u b s id ia ry  o f an A m e r ic a n  p a re n t o rg a n is a tio n . 
T h is  s e c tio n  now d ea ls  w ith  som e o f the  m o tiv e s  f o r  te c h n o lo g ic a l 
de ve lo p m e n t and change d u r in g  the  tw e n ty  y e a rs  o f o p e ra tio n  a t th e  
G lasgow  s ite .
C a te r p i l la r  in  A m e r ic a  in  1958 w ou ld  have been c o n s id e re d  to  be a 
m o d e rn  o rg a n is a t io n  te c h n o lo g ic a lly .  I t  p ro d u ce d  th e  m o s t advanced 
e a rth m o v in g  p ro d u c ts  in  th e  w o r ld  and used th e  b e s t know n te c h n ic a l 
p ro d u c tio n  s y s te m  and eq u ip m en t to  a ch ie ve  th is  p ro d u c t s u p re m a c y . 
W ith  th e se  fa c ts  in  c o n s id e ra tio n  a re v ie w  o f som e th e o r ie s  and r e ­
s e a rc h  w i l l  p e rm it  som e u n d e rs ta n d in g  o f how  th e  G lasgow  p la n t w as 
deve loped  te c h n o lo g ic a lly .
T h e o ry  R e la te d  to  T e c h n o lo g ic a l D e ve lo p m e n t.
E n g in e e r in g  f i r m s  have d if fe re n t  m o tiv e s  fo r  im p ro v in g  th e i r  s ta te  o f 
te c h n o lo g ic a l d e ve lo p m e n t, som e o f these  m o tiv e s  a re  g iv e n  as fo llo w s , 
no t n e c e s s a r ily  b y  o rd e r  o f im p o rta n c e :
1. E l im in a t io n  o f hum an e r r o r ,  thus im p ro v in g  q u a lity .
2. R e d u c tio n  o f co s t in  te rm s  o f p ro d u c tio n .
3. T ra n s fe r  o f th e  p r im a r y  re s p o n s ib il i ty  f o r  th e  ra te  o f p ro d u c tio n  
f r o m  th e  shop f lo o r  to  the  o ff ic e s ,
4. D e ve lo p m e n t o f the  p r im e  p ro d u c t to  new and h ig h e r  c a p a b ility  
s ta n d a rd s  ( in  th e  C a te r p i l la r  case, as an e xa m p le , m o re  p o w e r to  
m ove  e a r th  and r ip  ro c k s ) , fo rc e d  f i r m s  to  m ake  s ig n if ic a n t te c h ­
n ic a l changes in  th e ir  p la n t and equ ipm en t to  fa c i l i ta te  a m eans o f 
p ro d u c in g  th e se  p r im e  p ro d u c ts .
5. T h e  a c t iv i t y  o f c o m p e t ito rs  in  bo th  p ro d u c ts  and th e  m eans o f p r o ­
du c in g  these  p ro d u c ts .
6. T h e  p re s s u re  e x e rte d  b y  c u s to m e rs  in  t h e i r  dem and fo r  m o re  
re l ia b le  and d u ra b le  p ro d u c ts  at a c o m p e tit iv e  p r ic e .
7. A  s e c o n d a ry  fa c to r  b u t one o f re a l s ig n if ic a n c e  on the  shop f lo o r  is  
/...
th e  q u e s tio n  o f e lim in a t in g  re p e t it iv e  w o rk .
Related R esearch  to Technological Development.
In  a s tu d y  b y  L a n g r is h  and a sso c ia te s  o f Queens A w a rd  w in n in g  in n o v a ­
tio n s  in  B r i t a in  in  1966 and 1967 th e  a u th o rs  found  -
1, T e c h n o lo g ic a l d eve lo p m e n t cam e m a in ly  f r o m  e a r l ie r  te ch n o lo g y .
2, T h e  in d u s t r ia l  c o n tr ib u t io n  o f n a tu ra l sc ien ce s  (su p p ly  o f t ra in e d  
m an po w e r) w as im p o r ta n t g e n e ra lly .
3, T h e  m a jo r  cause o f d e la y  in  in n o v a tin g  w as la c k  o f d e ve lo pm en t in  
o th e r  te c h n o lo g ic a l f ie ld s  (e. g. the  lo n g  e s ta b lis h e d  m a ch in e  to o l 
a w a ite d  th e  d e ve lopm en t o f the  cheap m ic r o  c o m p u te rs ) o r  in ­
s u ff ic ie n t m a rk e t dem and o r  need, sh o rta g e  o f m a n p o w e r and 
c a p ita l,  re s is ta n c e  to  change, la c k  o f m anagem ent re c o g n it io n  and 
p o o r c o -o p e ra t io n  o r  c o m m u n ic a tio n . (1&).
Som ew hat p a r a l le l  to  th e  above f in d in g s  was th e  r e s u lt  o f a s tu d y  b y  
M y e rs  in  A m e r ic a  w h e re  i t  was found  th a t -
1. T e c h n o lo g ic a l change w as, to  a s ig n if ic a n t e x te n t, based on th e  
c u m u la tiv e  e ffe c t o f s m a ll,  in c re m e n ta l changes o r  in n o v a tio n s .
2. R e c o g n it io n  o f dem and was a fre q u e n t fa c to r  in  in n o v a tio n
th a n  re c o g n it io n  o f te c h n ic a l p o te n tia l.
3. P e rs o n a l e x p e rie n c e  and p e rs o n a l co n ta c ts  w e re  th e  p r in c ip a l  
s o u rc e s  o f in fo rm a t io n  f o r  s u c c e s s fu l change. (16),
In  th e i r  s tu d y  o f th e  m anagem ent o f in n o v a tio n  in  S c o ttis h  f i r m s , B u rn s  
and S ta lk e r , d is t in g u is h  2 b ro a d  p o la r - ty p e s  o f in d u s t r ia l  o rg a n is a tio n : 
m e c h a n is tic  and o rg a n ic . T h e  ty p ic a l m e c h a n is tic  o rg a n is a tio n  is  in ­
f le x ib le ,  h ie ra r c h ic  and c h a ra c te r is e d  b y  in te n s iv e  d iv is io n  o f la b o u r  
on a ta s k  o r  s u b - ro le  b a s is . O rg a n ic  o rg a n is a tio n s , on the  o th e r  hand, 
a re  c h a ra c te r is e d  b y  b ro a d  r o le  d iv is io n  o f la b o u r  w h ic h  cu ts  a c ro s s  
s p e c if ic  s u b - ro le  s k i l ls ,  ta s k s  o r  jo b s . In  p ra c t ic e  i t  is  th e se  la t te r  
o rg a n is a tio n s , fu n c tio n  -  o r  p e r fo rm a n c e  -  r a th e r  th a n  s ta tu s  based, 
and f le x ib le ,  th a t have th e  g re a te s t c a p a c ity  to  adapt to  te c h n ic a l and 
o th e r k in d s  o f change and c o n d itio n s  o f m a rk e t u n c e r ta in ty  and co m ­
p e tit io n , (17),
J a s in s k i in  h is  p a p e r "A d a p tin g  O rg a n is a tio n s  to  New T e c h n o lo g y "
suggested  th a t th e re  w e re  th re e  m a in  a lte rn a t iv e  m e thods fo r  a ch ie v in g
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in te g ra t io n  be tw een  te ch n o lo g y  and o rg a n is a tio n . T h e y  a re  as fo llo w s :
o C hang ing  the  te c h n o lo g y  to  c o n fo rm  w ith  o rg a n is a t io n a l s t ru c tu re s .
o C hang ing  th e  o rg a n is a tio n  so as to  d e fine  and fo rm a lis e  the
re la t io n s h ip s  re q u ire d  b y  th e  te ch n o lo g y .
0 M a in ta in in g  b o th  th e  e x is t in g  o rg a n is a tio n s  and e x is t in g  te ch n o lo g y  
b u t in tro d u c in g  m e ch a n ism s  to  re d u ce  o r  m in im is e  th e  d is c re p a n c ­
ie s  be tw een  th e  tw o . (18).
C a te r p i l la r  G lasgow  p la n t 's  e xp e rie n c e  in  re la t io n s h ip  to  these  fo u r  
fin d in g s  was in  the  m a in  p o s it iv e ly  c o r re la te d . T h e  p ro c e s s  te ch n o lo g y  
was o f an e v o lu t io n a ry  ra th e r  than  a re v o lu t io n a ry  n a tu re . T h e  
o rg a n is a tio n  s tru c tu re ,  d e sp ite  i ts  s im i la r  l in e s  to  o th e r  C a te r p i l la r  
p la n ts  in  A m e r ic a ,  was not h ie ra r c h ic  bu t tended  to w a rd s  b e in g  p e r ­
fo rm a n c e  based and v e r y  f le x ib le .  H o w e ve r th e  s m a ll  q u a n t ity  o f 
te c h n o lo g ic a l change at any one t im e  tended to  be such th a t m e ch a n ism s , 
as suggested  b y  J a s in s k i,  w e re  se t up to  cope w ith  i t  r a th e r  th a n  any 
a tte m p t to  change e ith e r  th e  te ch n o lo g y  o r  the  o rg a n is a tio n .
I n i t ia l  T e c h n o lo g y  T r a n s fe r  f r o m  A m e r ic a  to  G lasgow .
T h e  in i t ia l  te ch n o lo g y  o f p ro d u c tio n  m a ch in e  to o ls  and equ ip m en t as 
e s ta b lis h e d  in  e a r ly  1957 to  in a u g u ra te  the  G lasgow  P la n t o f C a te r p i l la r  
T r a c to r  C om pany was d ir e c t ly  re la te d  to  th e  m a n u fa c tu r in g  r e q u ir e ­
m en ts  f o r  the  p ro d u c t l in e  to  be p ro d u ce d  a t th a t t im e , indeed , as was 
p re v io u s ly  m e n tio n e d , th e re  was i f  a n y th in g  a s l ig h t  d e g re e  o f obso lence  
w ith  som e o f th e  e q u ip m e n t, as i t  had been tra n s p o r te d  second hand f r o m  
som e A m e r ic a n  p la n ts  o f C a te r p i l la r .  T h is  was not n e c e s s a r i ly  a bad 
d e c is io n  as som e o f th is  equ ipm en t was s p e c ia lly  des igned  fo r  p ro d u c tio n  
o f C a te r p i l la r  com ponen ts  and had been p ro v e d  in  o th e r  p la n ts  o ve r 
s e v e ra l y e a rs  o f p ro d u c tio n . I t  was not h o w e ve r the  c u r re n t  " s ta te -o f -  
th e - a r t "  m a ch in e  shop te ch n o lo g y  and in  essence w as h ig h ly  m a n u a l in  
its  o p e ra tio n  and re q u ire d  p a r t ic u la r  m a in ten a n ce  s k i l ls  to  keep i t  in  a 
ru n n in g  c o n d itio n . A l l  o f the  te ch n o lo g y  in  the  p la n t was not o f c o u rse  
in  th is  c la s s , m uch  e qu ipm en t had to  be bought new and in  p a r t ic u la r  
heat t r e a t  fu rn a c e s , p a in t s p ra y  boo th s , a s s e m b ly  l in e s ,  c o n ve yo rs ,
e t c . , w e re  a l l  c o n s tru c te d  to  the  b es t know n advanced m ethods of
1 -1 1 4 -
m a n u fa c tu re  a t th a t t im e  in  th e  la te  1950s, and indeed , in  c o m p a ris o n  
w ith  m a n y  s u r ro u n d in g  B r i t is h  owned co m p a n ie s . C a te r p i l la r  G lasgow  
was c o n s id e re d  to  be h ig h ly  advanced in  p ro c e s s  te ch n o lo g y .
In  s u m m a ry , th e  s ta tu s  o f te c h n o lo g y  o f p ro d u c tio n  p ro c e s s e s  a t 
C a te r p i l la r ,  G lasgow  P la n t,  be tw een  1958 and 1966 was la rg e ly  
g o ve rn e d  b y  th e  fo l lo w in g : -
1. T h e  n a tu re  and ty p e  o f te ch n o lo g y  b e in g  used in  A m e r ic a n
p la n ts  f o r  th e  sam e p r im e  p ro d u c t m a n u fa c tu re ,
2. T h e  e n g in e e r in g  d e s ig n  r e s t r a in t  to  e n su re  in te r  c h a n g e a b ility
m ade  i t  aga in  e a s ie r  to  use th e  sam e m e th o ds  as in  A m e r ic a n  
p la n ts  th a t ru n  th e  r is k s  o f in n o v a tin g  w ith  new  m e thods .
3. A m e r ic a n  n a tio n a ls  on te m p o ra ry  t r a n s fe r  a s s ig n m e n ts  a t 
th a t t im e  w e re  c o m fo r ta b le  w ith  te c h n o lo g ic a l p ro c e s s e s  th a t 
th e y  w e re  f a m i l ia r  w ith  in  th e  pas t,
4. T h e  lo w  v o lu m e  h ig h  v a lu e  p ro d u c tio n  typ e  m ade  i t  e c o n o m ic ­
a l ly  d i f f ic u l t  to  c o n s id e r  a u to m a tio n , t r a n s fe r  l in e s  o f o th e r  
h ig h  ou tpu t m e thods  and s y s te m s ,
5. T h e  lo w  w age econom y d id  not encou rage  c a p ita l in te n s iv e
e q u ip m e n t f r o m  a r e tu r n  on in v e s tm e n t a sp ec t.
6. T h e  G lasgow  P la n t  co u ld  o n ly  in c re a s e  i ts  m a n u fa c tu r in g
c a p a c ity  w ith  the  g ive n  a p p ro v a l o f th e  p a re n t com pany in  
A m e r ic a ,  in  th a t each s u b s id ia ry  p la n t, and indeed , each 
A m e r ic a n  d o m e s tic  p la n t, w e re  d ire c te d  on w ha t p ro d u c ts  and 
p a r ts  th e y  w ou ld  m ake  and a t w ha t v o lu m e s . E ach  p la n t was 
no t expected  to  p ro d u ce  m o re  th a n  th e i r  p lanned  c a p a c ity .
E a r ly  A p p ro a c h  to  P la n n in g  o f new  N. C. T e c h n o lo g y .
C a te r p i l la r ,  G lasgow  p la n t p la n n in g  g ro up , had c o n s id e re d  a t the  
o u tse t o f th e  n u m e r ic a l c o n tro l m a ch in e  to o l d e ve lo p m e n ts  in  1965 
no t to  pu t a l l  t h e i r  eggs in  one b a ske t, s in ce  th e  w ho le  f ie ld  o f N. C . , 
w as g ro w in g  r a p id ly  w ith  s e v e ra l m a ch in e  to o l m a n u fa c tu re rs  in  the  
b u s in e s s , bu t w ith  no p a r t ic u la r  b e s t s y s te m . P la n n in g  d iv is io n  
co n se q u e n tly  t r ie d  v a r io u s  s u p p lie rs  f o r  a v a r ie ty  o f m e ta l c u tt in g  
fu n c tio n s , the  b a s ic  m a ch in e  to o ls  d id  not v a ry  c o n s id e ra b ly  one to  
a n o th e r, bu t the  e le c t ro n ic  s ys te m s  g u id in g  th e  m a ch in e  to o l d id  v a ry  
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in  te rm s  o f b a s ic  language and b e fo re  lo n g  G lasgow  p la n t had a 
p o p u la tio n  o f 12 N. C . , m a ch in e  to o ls  w ith  6 q u ite  d if fe re n t  e le c tro n ic  
c o n tro ls ,
(A l i s t  o f a l l  N. C . , m a ch in e  to o ls  w ith  the  e le c tro n ic  c o n tro ls  
id e n t if ie d  is  g iv e n  in  T a b le  No: 3. 6, page 154),
E v o lu t io n a ry  Changes in  P ro d u c t and P ro c e s s .
T h e  n a tu re  o f C a te r p i l la r  T r a c to r  C om pany 's  p ro d u c tio n  p ro c e s s  w ith  
r e la t iv e ly  lo w  v o lu m e  h ig h  v a lu e  ou tpu t pu ts  i t  in to  th e  s m a ll b a tch  
p ro d u c tio n  typ e  as d e fine d  by  W o odw a rd  (19}.' T h is  fa c to r ,  coup led  
w ith  a lo w  w age econom y in  d ir e c t  c o m p a ris o n  to  A m e r ic a n  o p e ra ­
t io n s , m akes f o r  le s s  c a p ita l in te n s if ie d  e q u ipm en t and m o re  
m a n u a lly  o p e ra te d  and c o n tro lle d  m e thods . In  a d d it io n  to  th is ,  and 
d e sp ite  i ts  w o r ld  le a d e rs h ip  in  the  e a rth m o v in g  b u s in e s s . C a te r p i l la r  
T r a c to r  C om pany has lo n g  been know n fo r  i t s  r a th e r  c o n s e rv a tiv e  
and s lo w  d e ve lo p m e n t o f m a n y  fa c e ts  o f i ts  o p e ra tio n . T h e  re a s o n  
fo r  th is  a tt itu d e  has been suggested  to  be re la te d  to  a m id  w e s t o f 
A m e r ic a  c o n s e rv a t is m , c o m m o n ly  found  am ong fa rm in g  co m m u n itie s^  
f r o m  w h ic h  C a te r p i l la r  has i ts  b a s ic  ro o ts . T h e re  has n e ve r been 
any  g re a t ru s h  to  be the  f i r s t  w ith  th is  o r  th a t m e th o d  o r  s y s te m , bu t 
r a th e r  a llo w  o th e rs  to  get th e  in n o v a tio n  p ro v e n  as a p ro f i t -m a k in g  
and v ia b le  p ro p o s it io n , th e n  to  seek w ays o f g ra f t in g  i t  in to  the 
C a te r p i l la r  s y s te m . T h e se  re m a rk s  a p p ly  p r in c ip a l ly  to  the  p ro ­
d u c tio n  p ro c e s s  s y s te m s  and not p a r t ic u la r ly  to  th e  p ro d u c t l in e ,  
a lth ou g h  even in  th is  a re a  and u n t i l  v e ry  re c e n t ly . C a te r p i l la r 's  
c le a r  p o lic y  was to  p e rm it  th e  p ro d u c t to  be m o re  e v o lu t io n a ry  
r a th e r  th a n  re v o lu t io n a ry ,  m a k in g  changes to  d e s ig n  based  on re s u lts  
f r o m  th e  c u s to m e rs ' use in  the  f ie ld ,  and to  a le s s e r  d e g re e , b y  the  
re s e a rc h  f in d in g  in  the  R and D d iv is io n , se t up in  I l l in o is ,  n e a r th e  
p a re n t o p e ra tio n .
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T e c h n o lo g y  P ro d u c t S ta n d a rd is a tio n  V e rs u s  A dva nce d  in  P ro c e s s  
T e ch n o lo g y .
A n o th e r  c o n tro l fa c to r  w h ic h  is  h ig h ly  im p o r ta n t to  th e  con tinu ed  
success  o f C a te r p i l la r  w o r ld w id e  is  in te r  c h a n g e a b ility  (u n ifo rm ity  o f 
p ro d u c ts ) . T h e  p o lic y  is  th a t a l l  p ro d u c ts  o r  p a r ts  a re  to  be m ade the  
sam e w h e re v e r  th e y  a re  m ade and the  p a r ts  in  th e m  to  be re p la c e a b le  
one fo r  a n o th e r. W h ile  th e  b e n e fits  o f such  a p o lic y  on a w o r ld w id e  
b a s is  has undoubted advantages to  a c u s to m e r, th e  sam e p o lic y  has 
d ra w b a cks  a t th e  p ro d u c tio n  p ro c e s s  end, as i t  suggests  th a t e n g in e e rin g  
who c o n tro l a l l  d es igns  at C a te r p i l la r ,  v i r t u a l ly  d ic ta te  th e  m e thod  o f 
m a n u fa c tu re  and p ro c e s s  tre a tm e n t d e sp ite  th e  fa c t th a t e n t ir e ly  sepa­
ra te  d iv is io n s  a re  e m p loye d  to  seek m a ch in e  to o ls  and e qu ip m en t, to  
o p tim is e  p ro d u c t iv i ty  and lo w e r  co s ts . I t  is  not th a t C a te r p i l la r  
p u rp o s e ly  r e s t r a in s  te ch n o lo g y , indeed  i t  is  h ig h ly  in v o lv e d  in  m o s t o f 
the  c u r re n t  fo rm s  o f te ch n o lo g y  t ra n s fe rs .  C a te r p i l la r  has w h o lly  
owned s u b s id ia r ie s  l ik e  G lasgow  p la n t, and p a r t ia l ly  owned a f f i l ia te s  o r  
even com p an ie s  to  w hom  th e y  t r a n s m it  te ch n o lo g y  f o r  r o y a lty  paym en ts  
w ith o u t any e q u ity  sh a re , b u t o n ly  r a r e ly  does th e  com pany t r a n s fe r  to  
fo re ig n  c o u n tr ie s  any te ch n o lo g y  w h ich  is  not a c t iv e ly  in  use in  A m e r ic a ,
C u r re n t P o l ic y  on P la n n in g  o f New N. C. T e c h n o lo g y .
W h ile  i t  has been show n th a t the  p la n n in g  d iv is io n  has had som e a u to ­
no m y f r o m  th e  p a re n t o rg a n is a tio n  in  te rm s  o f w ha t te ch n o lo g y  i t  uses 
to  a ch ie ve  th e  c a p a c ity  o f p ro d u c tio n  a u th o ris e d  b y  th e  p a re n t, changes 
a re  a lre a d y  ta k in g  p la ce  w h ic h  a re  b e g in n in g  to  in te r fe r e  w ith  th is  
au tonom y. T h e se  changes a re  conce rned  w ith  advanced  te ch n o lo g y  in  
the  e le c tro n ic  f ie ld  co n c o m ita n t w ith  the  a fo re m e n tio n e d  p o lic y  o f 
p ro d u c t p a r ts  in te r  c h a n g e a b ility . D e sp ite  th e  d if fe re n c e s  in  vo lu m e  
ou tpu t f r o m  one C a te r p i l la r  p la n t to  a n o th e r , it  m akes  e co nom ic  sense 
th a t i f  an id e n t ic a l p ro c e s s  is  used to  p ro d u ce  the se  com ponen ts , 
w h ile  p re v io u s ly  th e  exchange o f pa pe r m e thod  c a rd s  was im p le m e n te d , 
to d a y  w hen bo th  p ro c e s s e s  a re  c o m p u te r c o n tro lle d , th e n  the  g e n e ra tio n  
o f tw o  m a s te r  c o n tro l tapes  is  a l l  th a t is  n e c e s s a ry  to  e n su re  id e n t ic a l 
o u tp u t,a s s u m in g  to o lin g  and ra w  m a te r ia ls  a re  a lso  a s s im u la te d . T h e
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d e liv e ry  o f m a s te r  tapes  thus  red uce s  th e  p ro g ra m m in g  e ffo r ts  at the  
s u b s id ia ry  p la n t and th is  is  b e g in n in g  to  a ffe c t G lasgow  p la n t 's  p la n n in g  
a c t iv it ie s .
F i r s t  In tro d u c t io n  o f N u m e r ic a l C o n tro l T e ch n o lo g y .
D u r in g  th e  la t t e r  p a r t  o f th e  1960s, G lasgow  p la n t began to  in v e s t 
h e a v ily  in  n u m e r ic a lly  c o n tro lle d  (N . C . ) m a ch in e  to o ls . Up u n t i l  th is  
t im e  m o s t m a ch in e  to o ls  w e re  o f s in g le  p u rp o se  s ta n d -a lo n e  co n v e n tio n ­
a l ty p e s , such  a s .ra d ia l d r i l l s ,  tu rn in g  la th e s , m i l l in g  m a ch in e s , b o re rs  
and such. E ve n  in  th e  non m a ch in e  to o l a re as  such as w e ld in g , heat 
t r e a t ,  p a in tin g , a s s e m b ly , c le a n in g , e t c . , m o s t u n its  w e re  o p e ra te d  on 
a one m an  s itu a t io n , in  fa c t in  the  case o f tw o  ended r o l l e r  co n ve yo r 
fu rn a c e s , o fte n  th e re  w as a m anned lo a d e r  and u n lo a d e r a t th e  o th e r  
end, no g re a t th o u g h t had been  g ive n  to  g r a v ity  shu t es o r  s im p le  non 
o p e ra to r  u n lo a d in g .
T h e  in v e s tm e n t o f N . C, in  1966 w as a ra d ic a l d e p a r tu re  f r o m  p re v io u s  
sys te m s  and the  f i r s t  fo u r  s p e c ia l p u rp o se  tape  c o n tro l d r i l l s  w e re  to  
re p la c e  tw e lv e  co n v e n tio n a l m a ch in e  to o ls  and o p e ra to rs , doub le  ou tpu t 
on a tw o -s h if t  b a s is  o f e ig h t h o u rs  each and f o r  th e  f i r s t  t im e  have one 
m an  o p e ra tin g  tw o  m a ch in e  to o ls  a t th e  sam e t im e . R e g re tta b ly  th is  
f i r s t  s te p  in  the  te c h n o lo g ic a l change d id  no t go s m o o th ly  te c h n ic a l ly  
due to  th e  fo l lo w in g : -
o M a ch in e  to o ls  had fre q u e n t m e c h a n ic a l b re a kd o w n .
o T h e  m a ch in e  to o l s u p p lie r  n a m e ly  C in c in a t t i  d id  not have adequate 
s e rv ic e / re p a irm e n  to  s u p p o rt the  new e q u ip m e n t.
o T h e  p re v io u s  co n v e n tio n a l m a ch in e  to o ls  a lth ou g h  m u ch  s lo w e r  
w e re  m o re  re lia b le .
o T h e  new N. C , m a ch in e  to o ls  w e re  found  to  be u n d e r-d e s ig n e d  as 
re la te d  to  th e  s p e c ia l in d e x  ta b le s  w h ich  w e re  not ro b u s t enough to  
s u p p o rt th e  h eavy  com p one n ts .
o In s u f f ic ie n t  t im e  and a tte n tio n  had been g iv e n  b y  p la n n in g  d iv is io n  
a t th e  m a ch in e  to o l t r ia ls  to  e n su re  th a t th e se  N. C. m a ch in e  to o ls  
co u ld  m e e t th e  re q u ire d  s p e c if ic a tio n s  f o r  a c c u ra c y  and re p e a t­
a b i l i t y  o f o p e ra tio n .
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A f te r  s e v e ra l re d e s ig n s  th e se  f i r s t  N. C. m a ch in e s  s e tt le d  down to  
p ro du ce  good q u a li ty  com ponents b u t a t a le s s  tha n  s a t is fa c to ry  le v e l o f 
p ro d u c t iv ity .  Some o f the  o r ig in a l  co n v e n tio n a l m a c h in e  to o ls  con tinued  
to  be used and re m a in  in  use to d a y .
M a in te n a n ce  P o l ic y  on New T e ch n o lo g y .
C ase S tudy No. 3 .1  -  M a in ten a n ce  o f New T e ch n o lo g y .
One o f th e  d isadvan tag es  w ith  any new te ch n o lo g y  is  th a t th e re  is  a lw ays  
in e v ita b ly  a s h o rta g e  o f peop le  a t the  ou tse t capab le  o f s e rv ic in g , 
r e p a ir in g  and a d ju s tin g  th e  e q u ip m e n t. T o  com ba t th is ,  C a te r p i l la r  se t 
o ff in  1970 w ith  a fo rm a lis e d  in -h o u s e  t r a in in g  p ro g ra m m e  to  g iv e  the  
n e c e s s a ry  kno w ledge  o f the  n u m e r ic a l c o n tro l s y s te m s  to  th e i r  own 
m a in ten a n ce  em p loyee s  in  th e  e le c t r ic a l  f ie ld .  T w o  s ta f f  e n g in e e rs  on 
the  m o n th ly  p a y r o l l  w e re  sen t to  th e  equ ipm en t s u p p lie rs  fo r  t r a in in g  
on the  N. C , s y s te m s , th e y  re tu rn e d  to  C a te r p i l la r  G lasgow  and began 
to  t r a in  a l l  the  e le c t r ic ia n s  in  the  p la n t. T h e  t r a in in g  w as v o lu n ta ry  
and h e ld  o ff n o rm a l w o rk in g  s h if ts  b u t p aym en t was m ade on a b a s ic  
h o u r ly  ra te .  I n i t ia l l y  a l l  e le c t r ic ia n s ,  n u m b e rin g  26, a ttended  bu t 
g ra d u a lly  th e  n u m b e rs  d ropped  u n t i l  a re g u la r  g ro u p  o f 12 con tinued  
w ith  the  t r a in in g  p e r io d s  w h ic h  w ou ld  la s t  a p p ro x im a te ly  12 w eeks a t 
s ix  h o u rs  p e r  w eek m a k in g  a to ta l o f 72 t r a in in g  h o u rs .
M anagem ent n e g o tia te d  n o rm a lly  w ith  fo u r  h o u r ly  un ions a lto g e th e r  in  
the  p la n t and a lth o u g h  the  e n g in e e rs  and th e  b o ile rm a k e rs  w e re  n u m e r i­
c a lly  s tro n g , th e  e le c t r ic ia n s ' un ion  was v e ry  p o w e r fu l w ith in  i ts  own 
sp h e re  o f in te re s t  and c o n tro lle d  im p o r ta n t a re a s  o f fa c to ry  w o rk . T h e  
e le c t r ic ia n s  d id  not m ake  any c la im s  upon th e  C om pany in  te rm s  o f 
v a lu e  o f added kn ow ledge  re q u ire d  fo r  the  new N . C . e le c tro n ic s  u n t i l  
th e y  had co m p le te d  th e  lo n g  t r a in in g  se ss io n s  on each s y s te m . T h e  
in e v ita b le  c la im  f r o m  the  e le c t r ic ia n s ' u n ion  co v e re d  o n ly  those  
e le c t r ic ia n s  w ho had co m p le te d  the  t r a in in g  w h ic h  n u m be re d  12 f r o m  
the  to ta l o f 26. M anagem ent had to  o b ta in  som e g ua ra n te e s  on s h if t  
m a n n in g  w ith  th e  g ro u p  o f 12 and o th e r f le x ib i l i t ie s  w h ich  w ou ld  g ive  
con tinu ed  s e rv ic e  to  the  N. C, equ ipm en t. A f t e r  m a n y  w eeks o f debate, 
a n a ly s is , d is c u s s io n  w ith  o th e r lo c a l f i r m s  on th is  s u b je c t, a f in a l  
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s e tt le m e n t was a g ree d  upon w h ich  c re a te d  a h ig h e r  g ra d e  e le c t r ic ia n  
s t i l l  on th e  h o u r ly  p a y ro l l  bu t a t a h ig h e r  ra te  th a n  a l l  o th e r c ra f t  
g roups in  th e  p la n t a t th a t t im e . T h e  so c a lle d  " e le c t r o n ic "  e le c t r ic ia n  
w ou ld  a ls o  co n tin u e  to  do n o rm a l e le c t r ic a l  r e p a ir s  w hen no t c a lle d  
upon to  w o rk  on N, C . e q u ip m e n t. ( It was o b se rve d  a t th a t t im e  th a t 
o th e r  lo c a l f i r m s  n a m e ly  W e irs ,  S in g e r, H o o v e r and H o n e y w e ll had 
c re a te d  w e e k ly  p a y ro l l  e le c t r ic a l  te c h n ic ia n s  to  p e r fo rm  th is  ta s k  b u t 
C a te r p i l la r  co u ld  no t get a g re e m e n t on th is  a p p ro a ch  as the  e le c t r ic a l  
t ra d e  un ion  w ou ld  not p e rm it  a s ta f f  m an to  h a nd le  to o ls , th e re fo re  the  
w e e k ly  m an  w o u ld  have been m e re ly  a d v is in g  a n o th e r h o u r ly  m an on
f
w hat to  do in  each re p a ir ) .
T h is  a g re e m e n t w ith  th e  e le c t r ic ia n s  was to  se t o f f  a c h a in  re a c t io n  
am ong o th e r  c r a f t  un ions to  th e  ex ten t th a t i t  to o k  tw o  y e a rs  to  s e tt le  
and even a t th a t, d id  not q u ite  s a t is fy  a l l  p a r t ie s .  T h e  m a in te n a n ce  
m e c h a n ic a l e n g in e e rs  c la im e d  th a t, as th e y  a ls o  re p a ire d  these  N. C. 
m a ch in e s  f r o m  a m e c h a n ic a l a sp ec t, the n  th e y  shou ld  e n jo y  th e  sam e 
in c re a s e  in  w age ra te ,  th e y  w ith d re w  th e i r  la b o u r  f o r  a p e r io d  o f 3 
w eeks a f te r  w h ic h  m anagem ent f in a l ly  a g ree d  th a t a s p e c if ic  n u m b e r 
o f e n g in e e rs  w o u ld  be upg ra d e d ,b u t not to  be outdone, even the  h u m b le  
p lu m b e r  o r  p ip e f i t t e r  c la im e d  th e  h ig h e r  ra te  as th e y  had to  w o rk  on 
the  h y d ra u lic s  o f th e se  m a ch in e s . (The  h y d ra u lic  s ys te m s  o f c o u rs e  
w e re  no d if fe re n t  th a n  th o se  found  on a co n v e n tio n a l non N. C , m a ch in e  
to o l) .  E v e n tu a lly  the  w e ld e rs  ra is e d  a s im i la r  c la im  as th e y  d id  not 
w is h  to  see th e m s e lv e s  be le f t  b e h in d  f r o m  th e  to p  s k i l l  g ra d in g . 
M anagem ent re fu s e d  to  even c o n s id e r  u p g ra d in g  o f th e  w e ld e r  g ro up  
and th e y  in  tu rn  banned o v e r t im e  and in tro d u c e d  n o n -p ro c e d u ra l 
w o rk in g  p ra c t ic e s  w h ic h  caused d is ru p t io n  w ith in  th e  p la n t f o r  a lm o s t 
a y e a r , to  be e v e n tu a lly  re s o lv e d  b y  a m a jo r  re g ra d in g  o f the  c o m p le te  
h o u r ly  s t ru c tu re .
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3 . 7 -  T R A D E  U N IO N  R E A C T IO N  T O  NEW  T E C H N O L O G Y  - B L U E  
C O L L A R  UNIONS.
P ro m  a tra d e  un ion  p e rs p e c tiv e , s t r u c tu r a l  u n e m p lo ym e n t and the  
p la n t le v e l o b so lescence  o f jobs  a re  p ro b a b ly  th e  2 m a jo r  ne ga tive  
s o c ia l consequences o f te c h n o lo g ic a l d e ve lo p m e n t in  m o s t in d u s tr ie s .
2 s h o r t case s tu d ie s  a re  d e ta ile d  b e lo w  to  i l lu s t r a te  som e o f th e  p r o ­
b le m s  and s o lu t io n s  ob ta ine d  f r o m  e a r ly  te c h n o lo g ic a l de ve lo p m en ts  
a t G lasgow  P la n t.
C ase S tudy N o; 3. 2 -  M ann ing  th e  new N . C, T a p e  D r i l l s .
T h e  tra d e  un io n  d ir e c t ly  in v o lv e d  in  1966 in  C a te r p i l la r ,  G lasgow , 
n a m e ly  th e  A m a lg a m a te d  U n io n  o f E n g in e e r in g  w o rk e rs  (A U E W ), 
a ppea red  to  be u n su re  how  to  hand le  th is  new v e n tu re  o f N . C . , m a ­
ch ine  to o ls . B a s ic a l ly  th e y  had to  w e lco m e  co n tin u e d  in v e s tm e n t a t 
G lasgow  and th e y  co u ld  see fo r  th e m s e lv e s  th e  non c o m p e tit iv e n e s s  o f 
c o n v e n tio n a l typ e  m a ch in e  to o ls  f o r  the  fu tu re  w e ll-b e in g  o f the  p la n t. 
T h e  im m e d ia te  c o n c e rn  was f o r  the  p lig h t o f 12 re d u n d a n t m a ch in e  
o p e ra to rs  b u t th is  w as o v e rc o m e  b y  a m anagem ent g u a ra n te e  to  p ro ­
v id e  o th e r  jo b s  w ith in  the p la n t a t the  sam e wage le v e l.  (T h e re  was a 
g e n e ra l e xp ans ion  a t th a t t im e  and new e m p loyees w e re  b e in g  h ire d ) .  
T h e  n ex t c o n c e rn  was th e  m a n n in g  o f 4 new m a ch in e s  w h ich  w ou ld  
com e out o f th e  12 o p e ra to rs . T h is  was f in a l ly  a g re e d  b y  th e  in d u s t r ia l  
re la t io n s  d iv is io n  as a 3-m a n  4 -m a c h in e s  c o n d itio n , m uch  to  the  d is ­
s a t is fa c t io n  o f the  p la n n in g  and w o rk  s ta n d a rd s  d iv is io n s  w ho had shown 
th a t 2 m en co u ld  have a deq u a te ly  o p e ra te d  the  4 m a c h in e s . T h e  q u e s tio n  
o f w age ra te s  was th e  n ex t o b s ta c le  be tw een th e  u n io n  and m anage­
m e n t g ro u p s , as o r ig in a l ly  the  m anagem ent saw  th is  new eq u ipm en t 
as a m u ch  e a s ie r  o p e ra tio n  tha n  the  co n ven tiona l m a ch in e  to o ls , w h e re  
som e d e g re e  o f s k i l l  was re q u ire d  to  se t up and d r i l l  the  n um erou s  
h o les  in  the  la rg e  com ponen ts . T h e  new N. C. d r i l l s ,  a f te r  th e  in i t ia l  
se t up c a lle d  o n ly  f o r a  d r i l l  change at s p e c if ic  in te rv a ls , ,  a p a rt f r o m  
th a t, the  o p e ra to r  was m a in ly  o b s e rv in g  the  p ro c e s s . T h e  m anagem ent 
co n seq u e n tly  p la ce d  th e  e v a lu a tio n  o f w o rk  f o r  th e se  m a ch in e s  a t le v e l 
4 in  a 5 -g ra d e  u n s k il le d  to  s e m i- s k i l le d  g ra d in g  s y s te m . A t  th a t t im e
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th e re  w e re  a to ta l  o f 8 g rades  on the  h o u r ly  pay  s t ru c tu re ,  th ese  w e re  
a l l  on m e a su re d  day w o rk  w ith  no in c e n tiv e  o r  bonus schem e a t any 
le v e l.  T h e  f lo o r  sw ee p e r and ja n i to r  w e re  a t g ra d e  1 and th e  h ig h e s t 
s e m i- s k i l le d  o p e ra to r ,  w h ich  g e n e ra lly  m eant a m a c h in is t on a co m p le x  
m a ch in e  to o l, was a t g ra de  5, g rades 6, 7 and 8 w e re  co n ce rn e d  e n t ir e ly  
w ith  t im e  s e rv e d  o r  c ra f t  s k i l ls .  T h e  un ion  fo u g h t th is  is s u e  v e ry  
s tro n g ly  and succeeded  in  a c h ie v in g  tw o  a d d it io n a l s e m i- s k i l le d  la b o u r  
g ra des  n a m e ly  N . C . 1 and N. C . 2. T h e se  w e re  added to  th e  to p  end o f 
th e  s e m i- s k i l le d  g ra d e s  be tw een  th e  s e m i and c r a f t  g ra d in g s . M anage ­
m en t conceded th is  g ra d in g  on th e  b a s is  th a t -
1. T h e  new ou tpu t f r o m  the  fo u r  m a ch in e  to o ls  w o u ld  m o re  th an  c o m ­
pensa te  fo r  th e  h ig h e r  cos t o f la b o u r  and m e re ly  extend  th e  p a y ­
b ack  p e r io d .
2. T h e  new N , C . g ra de s  w o u ld  e v e n tu a lly  be a b so rb e d  in  th e  nex t r e ­
s t r u c tu r in g  o f g ra d e s .
3. T h e y  had succeeded  in  ke e p in g  a d i f fe r e n t ia l  be tw een  th e  s e m i­
s k i l le d  and the  c r a f t  s k i l l  g ra d e s .
T h e  un io n  f o r  th e i r  p a r t  w e re  s a t is f ie d  because  th e y  had d e m o n s tra te d  
th e i r  c o n s id e ra b le  in f lu e n c e  in  an a re a  th a t was a lm o s t c e r ta in  to  
expand in  th e  fu tu re ,a n d  an a re a  in  w h ich  th e y  s tro n g ly  c o n s id e re d  th a t 
t h e i r  m e m b e rs  sho u ld  e n jo y  b e n e fits  ga ined  f r o m  new  te ch n o lo g y ,a s  
m uch  as th e  C om pany w ou ld  e n jo y  h ig h e r  ou tpu t and lo w e r  co s ts . T h e  
o p e ra to rs , c o n tra ry  to  o b s e rv a tio n s  m ade b y  A n d e rm a n ,(2 0 ) d id  not 
a ppe a r to  s u f fe r  d e c re a se d  jo b  s a t is fa c t io n  n o r  lo w e r  s ta tu s  w ith in  the  
f i r m ,  indeed  th e  new  N . C. m a ch in e s  seem  to  in c re a s e  th e  o p e ra to r ’ s 
s ta tu s  and add to  th e  s a t is fa c t io n  o f the  jo b . T h e re  w e re  no o th e r 
m a ch in e  to o ls  l ik e  th is  in  the  p la n t and a t th e  b e g in n in g  o th e r o p e ra to rs  
cam e to  o b s e rv e  th e se  m a ch in e s  w o rk in g , a ls o  m anagem ent m ade th e m  
a fo c a l p o in t f o r  p la n t to u rs  fo r  v is i t o r s .  D e s p ite  th e  lo n g  p e r io d s  o f 
p u re  o b s e rv a tio n  w h ile  the  m a ch in e  to o l a u to m a t ic a lly  indexed  i ts  w ay  
th ro u g h  th e  o p e ra tio n , the  o p e ra to rs  who w e re  a l l  c a r r y in g  out th e ir  
own m a ch in e  to o l s e tt in g , d id  not w is h  to  p a r t ic ip a te  in  any a d d it io n a l 
ta s k s  such as to o l sh a rp e n in g , e tc . ,  in  o rd e r  to  a vo id  b o re d o m  o r  to  
g a in fu lly  ( in  m anagem ent te rm s )  e m p lo y  th e i r  t im e  in  any  o th e r  w ay.
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C ase S tudy No: 3. 3 -  M a n n in g  N. C. M a c h in in g  C e n te rs  and L a th e s ,
In  a g ro up  o f h ig h ly  advanced M ilw a u k e e m a tic  200 s e r ie s  m a ch in e s  
a c q u ire d  in  1968, m anagem ent w an ted  o n ly  th re e  o p e ra to rs  o v e r 3 - 
s h if ts  w h ils t  th e  un ion  w an ted  s ix  o p e ra to rs  o v e r  th re e  s h if ts .  T h e  
u n ion  e v e n tu a lly  a g re e d  to  the  m anagem ent p ro p o s a l f o r  3 m en o n ly  
f o r  a th re e  m o n th  t r i a l  p e r io d . D u r in g  th is  t im e  cons tan t d o w n tim e  
re s u lte d  w ith  m in o r  e le c tro n ic  and m e c h a n ic a l fa i lu re s  thus in te r ru p t in g  
p ro d u c tio n  sch edu le s  and e v e n tu a lly  s to p p in g  p r im e  p ro d u c t a s s e m b ly . 
M anagem ent suspec ted  th a t m u ch  o f the  d o w n tim e  w as c o n tr iv e d  bu t 
cou ld  n e ith e r  p ro v e  th is  n o r  ta ke  c o r re c t iv e  a c tio n . . A f t e r  th e  th re e  
m on ths  t r i a l ,  m anagem ent a g a in  c o m p ro m is e d  w ith  a g ro u p  o f 5 m en 
c o v e r in g  th e  th re e  s h if ts ,  th e  e ven ing  s h if t  b e in g  c o v e re d  b y  one m an  
and b y  o v e r t im e  f r o m  th e  day and n ig h t s h if t  o p e ra to rs  o r  w ith  an u n d e r­
s ta n d in g  th a t th e  o p e ra to r  w ou ld  ru n  w h ic h e v e r one o f the  m a ch in e s  as 
re q u ire d  b y  m anagem e nt. T h e  te c h n ic a l p ro b le m s  d is a p p e a re d  a lm o s t 
o v e rn ig h t and ou tpu t in c re a s e d  d ra m a t ic a l ly  w ith  th e  added bonus o f 
good q u a li ty  com ponen ts . M anagem ent d id  not concede  a l l  one m an  one
m a ch in e  c o n d it io n s ,a s  i t  was show n w ith  N. C. tu rn in g  la th e s  in  p a r t ic u la r ,  
and d e s p ite  co n tinu o u s  un ion  o b je c tio n , the  f i r s t  g ro u p  o f tw o  N. C. 
la th e s  in  1970 w e re  s u c c e s s fu lly  m anned and o p e ra te d  b y  one m an  and 
a l l  s im i la r  g ro u p s  s in c e .
W h ite  C o l la r  U n io n s .
T h e  th re e  w h ite  c o l la r  t ra d e  un ions a t C a te r p i l la r ,  G lasgow  p la n t a re  
as fo llo w s  : -
o A s s o c ia t io n  o f P ro fe s s io n a l,  E x e c u tiv e , C le r ic a l  and C o m p u te r 
S ta ffs . (A P E X ). W e e k ly  p a id .
o T e c h n ic a l and S u p e rv is o ry  S ec tion  o f the  A , U . E . W . (T . A , S. S, ) 
W e e k ly  p a id .
o A s s o c ia t io n  o f S u p e rv is o ry  and T e c h n ic a l M a n a g e r ia l S ta ffs .
(A S TM S ). M o n th ly  p a id .
D e sp ite  th e  fa c t th a t th e  o v e ra l l  nu m be rs  o f w h ite  c o l la r  un ion  m e m b e rs  
had re d u ce d  o v e r the  lO -y e a r  p e r io d  as show n in  T a b le  No; 3. 5, page 110, 
th e  in f lu x  o f new te ch n o lo g y  had tended to  g ive  th e se  un ions g re a te r  
/ . • • •  -1 2 3 -
p o w e r and in f lu e n c e  w ith in  th e i r  own s p e c if ic  s p h e re s , w ith in  the  
G lasgow  o rg a n is a tio n . T h e  in tro d u c t io n  o f the  new N . C . , equ ipm e n t 
was too  sp re a d  out o v e r t im e  fo r  th e  TASS un ion  to  m a ke  any is su e s  
o v e r i t ,  e s p e c ia lly  as the  m e m b e rs  in v o lv e d  w e re  m a in ly  c o n c e n tra te d  
in  one a re a  n a m e ly , p la n n in g , and th e re fo re  m e m b e rs  in  o th e r  a re a s  
such  as m e ta l lu rg ic a l,  e n g in e e r in g  and o th e rs , w e re  u nconce rned .
A n y  r e s t r ic t iv e  p ra c t ic e s  adopted  b y  TASS in  o rd e r  to  g a in  h ig h e r  
g ra d in g s  o r  such  w ith in  p la n n in g , d id  not have g re a t s u p p o rt and te n d ­
ed to  have l i t t l e  o r  no e ffe c t on th e  day to  day o p e ra tio n  o f th e  p la n t. 
R e ce n tly , due to  th e  now c o n s id e ra b le  vo lu m e  o f N . C . , eq u ipm en t and 
o th e r advanced te c h n o lo g y  in  the  m a ch in e  shop, a s p e c ia l g ro up  has 
been c re a te d  in  p la n n in g  to  h and le  th is  a c t iv ity .  In  J a s in s k i 's  te rm s , 
th is  is  a m e c h a n is m  c re a te d  to  ha nd le  the  new te c h n o lo g y  w ith o u t 
chang ing  th e  s a id  te ch n o lo g y  o r  o rg a n is a tio n .
T h e  o th e r  w e e k ly  p a id  u n io n  n a m e ly , A P E X , have a ls o  in c re a s e d  in  
in flu e n c e  i f  no t in  n u m e r ic a l s tre n g th  o f m e m b e rs . T h is  in f lu e n c e  is  
m a in ly  due to  th e  a c c e le ra t in g  g ro w th  o f c o m p u te r a c t iv it ie s .  
In te re s t in g ly  the  g ro w th  o f th e se  c o m p u te r a c t iv it ie s  has not re s u lte d  
in  any c o n f l ic t  be tw een  the  m anagem ent and A P E X  u n t i l  v e ry  re c e n t ly ,  
w hen v is u a l d is p la y  u n its  (V D U s) w e re  in tro d u c e d  in to  a re a s  o u tw ith  
the  c o m p u te r ro o m . C ase S tudy No: 3 .4  d iscu sse s  one o f the se  p ro b le m s .
C ase S tudy N o: 3. 4 -  T h e  U se o f V is u a l D is p la y  U n its .
T h e  f i r s t  e x p e rie n c e  a t G lasgow  P la n t re la te d  to  th e  e x te n s io n  o f c o m ­
p u te r  s e rv ic e s  and le d  to  an in te r -u n io n  s tru g g le  on who w ou ld  use v is ­
u a l d is p la y  u n its  (V D U s). On th e  shop f lo o r ,  th e  A U E W  b lu e  c o l la r  
e n g in e e rs  c la im e d  in  th is  case th a t w o rk  b e in g  a b so rb e d  by  the  VDU 
was a s to re m a n 's  ta s k  and th e re fo re  an A U E W  m e m b e r ought to  o p e r­
a te  th e  VDU b y  in p u tin g  data and r e c a ll in g  data  as he had p re v io u s ly  
done m a n u a lly  w ith  p a p e rw o rk . A P E X  c la im e d  th a t as th is  was c o m ­
p u te r  w o rk  th e n  i t  m u s t now b e lo n g  to  th e ir  w h ite  c o l la r  un ion . M anage­
m e n t f o r  th e i r  p a r t  knew  th a t e v e n tu a lly  th e se  u n its  w ou ld  be w id e ly  
used th ro u g h o u t the  p la n t and th a t anyone ought to  be ab le  to  u t i l is e  
th e  s e rv ic e  f r o m  s e n io r  m anagem ent to  h o u r ly  m a ch in e  o p e ra to r  
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shou ld  he o r  she need th e  s e rv ic e , a lm o s t l ik e  a te le ph o n e , as o n ly  
in  th is  w a y  w o u ld  th e  b e n e fits  o f in c re a s e d  e f f ic ie n c y  be a ch ie ve d . 
C u r re n t ly  the  p ro b le m  is  re s o lv e d  as bo th  un ions use th e  VD U  bu t the  
b lu e  c o l la r  s to re m a n  has access  to  data o n ly , w h ile  the  w h ite  c o l la r  
s ta f f  un ion  m e m b e r in p u ts  the  new data. T h e  n a tu re  and ex ten t o f the  
g ro w th  o f th e  w h ite  c o l la r  un io n s , in  te rm s  o f im p o r ta n c e , i f  not in  
n u m b e rs  a t C a te r p i l la r ,  is  d ir e c t ly  re la te d  to  p ro d u c t d e ve lopm en t, 
chang ing  m e th ods  o f o p e ra tio n s  and o th e r fa c to rs  w h ic h  c a l l  f o r  m o re  
c o m p u te r t im e , p ro d u c tio n  c o n tro l and p la n n in g  e ff ic ie n c y , te c h n ic a l 
p ro b le m -s o lv in g  s ta f f  and so on.
S u p e rv is o rs  -W h ite  C o l la r  U n ion .
One o th e r  un ion  g ro u p  w h ich  has been a ffe c te d  b y  cha ng in g  te ch n o lo g y  
a t G lasgow  p la n t is  th e  m o n th ly  p a id  s u p e rv is o rs ' un ion  o f A S TM S  - 
A s s o c ia t io n  o f S u p e rv is o ry  and T e c h n ic a l M a n a g e r ia l S ta ffs . T h e  
m a jo r  e ffe c t on th e m  has no t been th e  d e -s k i l l in g ,  fe a r^  o f re d u n d a n c ­
ie s  o r  e xa ce rb a te d  b o re d o m  am ong  m a ch in e  to o l o p e ra tiv e s , th e  
m a jo r  e ffe c t has been th e  in c re a s in g  dem and on th e i r  te c h n ic a l s k i l ls  
b ro u g h t abou t b y  a u to m a tio n  and N. C , , s y s te m s  th a t th e y  w e re  not 
o r ig in a l ly  t ra in e d  to  u n d e rs ta n d . T h e  e x te n s io n  o f th e  c o m p u te r in to  
p ro d u c tio n  c o n tro l has f o r  som e y e a rs  ta k e n  aw ay the  b a s ic  d e c is io n s  
on w ha t com ponen t to  ru n , when, and in  w h ic h  m a ch in e , th e  e ffe c t 
has to  le a d  to  the  re d u c t io n  o f th e  s u p e rv is o r 's  r o le  to  one o f m an  
m anagem ent, b y  -
o A n  in c re a s in g  dem and on th e ir  te c h n ic a l s k i l ls  f r o m  a u to m a tio n  
and N. C . , s y s te m s  th a t th e y  w e re  n e ve r t ra in e d  to  u n d e rs ta n d  
n o r  can keep up to  da te  on.
o T h e  e ffe c t on th e  c o m p u te r d e te rm in in g  and is s u in g  w o rk  schedu les 
w h ic h  used to  be th e  s u p e rv is o r 's  p re ro g a tiv e  and re s p o n s ib il i ty .
o T h e  im p a c t o f in d u s t r ia l  re la t io n s  le g is la t io n  and o th e r A c ts  o f 
P a r l ia m e n t m a k in g  th e  s u p e rv is o r  m o re  dependent on n o n - lin e  
m anagem ent e x p e rts .
Indeed th e  te c h n ic a l s ta f f  a re  e x e r t in g  g re a te r  in f lu e n c e  o v e r the  l in e
s u p e rv is o r  s im p ly  because  the  w e e k ly  p a id  te c h n ic a l s ta f f  m an has
the  know ledge  re q u ire d  to  p ro c e s s  the  p ro d u c tio n , L u n d g re n o b s e rv e d
in  a s tu d y  o f 7 A m e r ic a n  com pan ies  th a t the  fo re m a n  had appea red  to  have
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lo s t  s ta tu s  in  te rm s  o f fe w e r  re s p o n s ib le  d u tie s  p e r fo rm e d  and to  
have ga ined  s ta tu s  o n ly  in  th e  sense o f b e in g  a s s o c ia te d  w ith  a d ra m a ­
t ic a l ly  new m a n u fa c tu r in g  te ch n iq u e  - a g a in  in  s ta tu s  th a t w ou ld  la s t  
o n ly  as lo n g  as th e  n o v e lty  o f th e  e qu ipm en t. Indeed in  som e o f th e  
A m e r ic a n  f i r m s  th e  fo re m a n  o f the  N. C . , m a ch in e  a re a  had been d is ­
p la ce d  c o m p le te ly  and re p la c e d  b y  th e  p ro g ra m m e r  (21). D e s p ite  
these  changes m ade, th e  h a n d lin g  o f hum an re la t io n s  w i l l  no t l ik e ly  
be m e ch a n ise d . I t  is  m o s t u n lik e ly  th a t a se t o f coded in s tru c t io n s  
w in  be deve loped  to  cope w ith  th e  m y r ia d  o f p ro b le m s  a cco m pa n y ing  
te c h n o lo g ic a l change in  th e  shop f lo o r ,  th e re fo re  th e  s u p e rv is o r  o r  
fo re m a n 's  m an  m anagem ent r e s p o n s ib il i t ie s  w i l l  re m a in .
F u r th e r  o b s e rv a tio n s  on the  new m e a s u r in g  m a ch in e  te ch n o lo g y  w h ic h  
w in  be d iscu sse d  la te r ,  is  sh o w in g  th a t th e  h o u r ly  b lu e  c o l la r  in s p e c to r  
is  a lso  h a v in g  in c re a s in g  in f lu e n c e  w ith  the  l in e  s u p e rv is o r ,  m a in ly  
b ro u g h t about b y  th e  p o w e r o f th e  advanced te ch n o lo g y  a t the  in s p e c to r 's  
e lbow . T h e  e ffe c t o f new te ch n o lo g y  a t C a te r p i l la r  G lasgow  is  te n d in g  
to  re d u ce  th e  ro le  o f the  s u p e rv is o r  c o n s id e ra b ly . B y  c o n tra s t w ith  
b o th  the  h o u r ly  b lu e  c o l la r  w o rk e rs  and th e  w e e k ly  w h ite  c o l la r  e m p lo y ­
ees a t C a te r p i l la r ,  th e  s u p e rv is o rs  have not ye t been  in  c o n f l ic t  w ith  
th e  com pany  on the  p o s s ib le  e ffe c ts  o f new te c h n o lo g y  on th e ir  m e m b e rs . 
T h is  m a y  have som e re la t io n s h ip  to  the  1972 /73  re d un d a n cy , w hen the  
com pany p a id  o f f  h o u r ly  and w e e k ly  em p loyees w ith o u t to u c h in g  the  
m o n th ly  p a id  s u p e rv is o ry  g ro up . T h is  m a y  have g ive n  co n fide n ce  to  
th e  g e n e ra l s e c u r ity  o f th is  le v e l o f m anagem ent d e s p ite  th e  fa c t th a t 
in c re a s in g  e v id ence  o f te c h n o lo g ic a l advances a re  b e in g  m ade on the  
shop f lo o r .
T ra d e  U n io n  C on g re ss  P o l ic y  on New T e c h n o lo g y .
In  M a rc h  1979, the  T U C  p u b lis h e d  a l i s t  o f dem ands th a t un ions 
sh ou ld  c o n s id e r  w hen n e g o tia tin g  new te ch n o lo g y  a g re e m e n ts . T h e  
m o tiv a t io n  f o r  th e se  dem ands is  m o s t re la te d  to  th e  m ic ro -e le c t r o n ic  
e x p lo s io n  and th e  consequen t e ffe c t on e m p lo ym e n t. Some o f th e  p o in ts  
ra is e d  in  th e se  dem ands in c lu d e  the  need fo r  a u to m a tio n  to  be 
a ccom pan ied  b y  an in c re a s e  not a d e c re a se  in  n u m b e rs  e m p loyed , th a t 
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un ions be co n su lte d  b e fo re  any new eq u ipm en t is  even bought and th a t 
un ions sh o u ld  m a ke  v ig o ro u s  use o f s ta tu s  quo c la u se s  in  the  s h o r t te rm  
to  im p re s s  on e m p lo y e rs  the  need f o r  c o n s u lta t io n . U n fo r tu n a te ly  w h ile  
som e app laud  can be g ive n  to  th e  s o c ia l m e r its  o f the se  dem ands, th e y  
tend  not to  w o rk  out in  re a l  p r a c t ic a l shop f lo o r  le v e l te rm s .  T o  
ju s t i f y  th e  in v e s tm e n t and o b ta in  som e re tu rn  on in v e s tm e n t f o r  a u to ­
m a tio n , e m p lo y e rs  m u s t shed peop le  o r  f in d  b ig g e r  m a rk e ts  f o r  th e ir  
p ro d u c ts . A s  hag been b r ie f ly  d e s c r ib e d  in  th e  cases g ive n  in  th e  te x t,  
d is c u s s io n  w ith  un ions about new e qu ipm en t b e fo re  i t  is  even bought 
w ou ld  r e s u lt  in  no new eq u ip m e n t b e in g  bought excep t pe rhaps  r e ­
p la ce m e n t e q u ip m e n t, and f o r  un ions to  adopt s ta tu s  quo a tt itu d e s  o n ly  
pushes e m p lo y e rs  to w a rd s  c o n s e rv a t is m  and not in n o v a tio n  o f th e i r  
p la n ts  in  th e  lo n g  ru n . In  c o n c lu s io n  th e re fo re  on the  su b je c t o f the  
ex ten t to  w h ic h  th e  w o rk  fo rc e  a re  co n su lte d  and in fo rm e d  about 
changes in  te c h n o lo g y  on th e  one hand, and th e  g e n e ra l a c c e p ta b il i ty /  
non a c c e p ta b il ity  o f th e  changes on the  o th e r, is  in  th e  e x p e rie n c e  o f 
C a te r p i l la r ,  dependent upon the  n a tu re  o f th e  change, th e  typ e  o f 
u n io n  in v o lv e d  w ith  th e  change, and the  t im in g  o f th e  change in  r e ­
la t io n s h ip  to  o th e r  a c t iv it ie s  g o in g  on w ith in  the  p la n t, (e. g. annua l 
n e g o tia tio n  o f c o n tra c t) . B a s ic a l ly  e x p e rie n c e  has show n th a t th e  
le s s  sa id  th e  b e t te r  about the  change u n t i l  th e  la s t  m o m e n t o f 
in s ta lla t io n ,  a t w h ic h  p o in t d is c u s s io n s  can be com m ence d  i f  
n e c e s s a ry , and o n ly  i f  ra is e d  by  the  un ion. (N ote  T U C  P o l ic y  on 
th is  s u b je c t as show n in  A p p e n d ix  E ).
B h a tta c h a ry y a  in  h is  s tu d y  o f the  p e n e tra t io n  and u t i l is a t io n  o f N . C . , 
equ ipm en t in  B r i t i s h  in d u s try , found th a t t ra d e  u n io n  m e m b e rs  at 
p la n t le v e l w e re  o fte n  m is le d  about th e  w ho le  im p lic a t io n  o f N . C . , 
te ch n o lo g y  b e fo re  i t  a r r iv e d .  T h e se  m is c o n c e p tio n s  w e re  o fte n  
c re a te d  b y  o v e r  zea lous  sa le s  l i t e r a tu r e  f r o m  N. C. equ ipm en t 
s u p p lie rs  w ith  s ta te m e n ts  re la te d  to  re d u c in g  d ir e c t  o p e ra to r  costs  
and no m o re  p ro b le m s  w ith  th e  shop f lo o r  (22). S w ords Is h e rw o o d  and 
S enker a rg ue  in  th e i r  1978 re p o r t  on the  S o c ia l Im p lic a t io n s  o f A u to ­
m a te d  S m a ll B a tc h  P ro d u c t io n  fo r  the  D e p a rtm e n t o f In d u s try  (13) 
th a t th e re  was l i t t l e  o r  no re s is ta n c e  to  N . C. , m a ch in e  to o ls  on the 
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shop f lo o r  m a in ly  due to  no re d u n d a n cy  p ledges and c o n s u lta t io n  w ith  
t ra d e  un ion  o f f ic ia ls  a t an e a r ly  stage  o f th e  d e ve lo p m e n t to  N, C , , 
te ch n o lo g y . O n th e  q u e s tio n  o f m a n n in g , i t  was re p o r te d  th a t un ions 
to o k  a m o n e y  n e g o tia tin g  a tt itu d e  to  any p ro b le m s . T h e  re p o r t  a lso  
o b se rve d  th a t w h ile  som e shop f lo o r  w o rk e rs  w e re  a f ra id  o f re d u n d ­
ancy  in  the  fu tu re  because  o f a u to m a tio n , i t  was in te re s t in g  th a t th e  
w o rk e rs ' c o u n c ils  w e re  a p p a re n tly  no t so a g a in s t N , C. , because  th e y  
to o k  a lo n g e r  v ie w  and cou ld  see th e  im p lic a t io n s  o f fa l l in g  beh ind  
te c h n ic a l ly  f o r  a g g ra v a tin g  u n e m p lo ym e n t.
B h a tta c h a ry y a  a ls o  o b se rve d  in  h is  re s e a rc h  o f B r i t i s h  f i r m s  u s in g  
N. C . , e q u ip m e n t, th a t in  the  m a jo r i t y  o f f i r m s  th e  o p e ra to rs  ha d  to ta l  
r e s p o n s ib i l i ty  f o r  th e  m a ch in e  to o ls . T h is  i t  w as c la im e d  in  som e 
f i r m s  w as a t th e  in s is te n c e  o f the  lo c a l t ra d e  un io n , in  an a tte m p t to  
keep som e c o n tro l o f th e  o p e ra tio n  in  th e  hands o f th e i r  own un ion  
m e m b e rs . M a n ag e m e n t le a rn e d  to  accep t th is  s itu a t io n  because  the  
s k i l le d  o p e ra to r  becam e  an im p o r ta n t m e m b e r o f th e  N. C . , te a m  
in fo r m a l as i t  m a y  have  been, b u t a d v is in g  th e  p ro g ra m m e r  o f o p t i­
m u m  to o lin g  s y s te m s  and o th e r  fa c to rs .
E t t l ie  in  h is  s tu d y  o f 10 f i r m s  in  th e  m id  w es t o f A m e r ic a  in  1972, 
found  th a t in  c lu s te r in g  26 independen t v a r ia b le s  and th e  d e g re e  o f 
u t i l is a t io n ,  th a t each f i r m  had a tta in e d  (dependent v a r ia b le ) ,  th a t 
th e re  w as an in te r - c o r r e la t io n  be tw een  u n io n  and e m p lo ye e  re la t io n s  
v a ry in g  d ir e c t ly  w ith  p a r t ic ip a t io n  in  d e c is io n -m a k in g  and th is  b e in g  
s ig n if ic a n t ly  c o r re la te d  a t th e  0. 05 le v e l.  In  o th e r  w o rd s  the  success  
o f u t i l is a t io n  had som e re la t io n s h ip  to  how e a r ly  and how  in v o lv e d  
th e  un ion  g ro u p  had been a t the  e a r l ie s t  s tages o f concep t (23).
In  a n o th e r A m e r ic a n  s tu d y  in  1970, P e r l in e  and T u l l  o b se rve d  th a t 
un ions w e re  fa c in g  a m a jo r  d ile m m a  w ith  th e  in c re a s in g  de g re e  o f 
shop f lo o r  advanced  te c h n o lo g y . T h e  lo s s  o f s k i l le d  and u n s k il le d  
m e m b e rs h ip  a lik e  w eakens th e  u n io n 's  b a rg a in in g  s tre n g th , as fe w e r  
em p loyees  a re  c o v e re d . I t  w eakens the  u n io n 's  f in a n c ia l  s t r u c tu re  
th ro u g h  lo s s  o f dues p a y in g  m e m b e rs . W ith  le s s  m e m b e rs h ip , le s s  
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f in a n c ia l s u p p o rt and su b se q u e n tly  le s s  c o e rc iv e  p o w e r, the  e x is t ­
ence o f th e  un io n  is  a c tu a lly  th re a te n e d  (24). T h e  B r i t i s h  s itu a t io n  is  
m o re  c o m p le x  than  in  A m e r ic a ,  because  o f i t s  m u lt itu d e  o f un ions 
and the  p o s s ib le  s h if ts  in  e m p lo ym e n t due to  new te ch n o lo g y  ca u s in g  
m e m b e rs  o f b lu e  c o l la r  un ions to  m ove  to  w h ite  c o l la r  u n io ns . One 
a lte rn a t iv e  in  B r i t a in  to  the  above p ro b le m  is  th e  c re a t io n  o f one 
in d u s t r ia l  un ion  re p re s e n tin g  a l l  em p loyees in  the  f i r m ,  s im i la r  to  
th e  G e rm a n  s y s te m .
T h e  f i r s t  m a jo r  tra d e  un io n  in  B r i ta in  to  re c o g n is e  and re sp on d  to  
th e  p ro b le m  o f a d van c in g  te c h n o lo g y  has been th e  A s s o c ia t io n  o f P r o ­
fe s s io n a l, E x e c u tiv e , C le r ic a l  and C o m p u te r S ta ffs  (A P E X ). ' T h e y  
p u b lis h e d  a v e ry  d e ta ile d  gu ide  in  1979 to  a l l  t h e i r  n e g o tia tin g  
m e m b e rs  on th e  aspec ts  o f O ff ic e  T e ch n o lo g y  and in  p a r t ic u la r ,  the  
im p a c t o f the  w o rd  p ro c e s s in g  e qu ipm en t. T h e  in te re s t in g  im p l ic a ­
t io n  s p e lle d  ou t in  page 13 o f th is  gu ide  is  th a t th e  A P E X  un ion  a re  
not a d vo ca tin g  a p o lic y  o f r e s is t in g  te c h n o lo g ic a l change and im p ­
ro v e d  p ro d u c t iv ity ,  b u t c le a r ly  s ta t in g  th a t i t  sh o u ld  be a m a jo r  
p r io r i t y  f o r  a l l  t ra d e  u n io n is ts  to  encourage  advanced  te ch n o lo g y . 
H o w e v e r A P E X  ta k e  cogn isance  o f th e  re a l c o n c e rn  f o r  job  lo s s e s  
w h ic h  w i l l  r e s u lt  f r o m  the  new o ff ic e  te c h n o lo g ie s  and thus  a re  en­
co u ra g in g  th e i r  n e g o tia to rs  to  adopt s p e c if ic  s tra te g ie s  in  t r y in g  to  
a vo id  u n e m p lo ym e n t w hen a f i r m  p la n s  to  in tro d u c e  such new te c h n o ­
lo g y  in to  th e  o f f ic e  (25). R e la te d  to  th e  above is  Joan  W o o d w a rd 's  
o b s e rv a tio n  in  1968 th a t t ra d e  un io n  in s t itu t io n s  a re  d e te rm in e d  
m a in ly  o u ts id e  an o rg a n is a tio n  bu t a re  m o d if ie d  to  f i t  th e  c i r c u m ­
stances o f p a r t ic u la r  o rg a n is a tio n s , th a t is  to  say, i f  A P E X  o r  any 
o th e r t ra d e  un ion  de ve lop  a p o lic y , i t  v e ry  o fte n  has to  be in te rp re te d  
to  s u it  th e  s itu a t io n  in s id e  the  o rg a n is a tio n  (26).
W ith o u t doubt th is  re s e a rc h  w ou ld  a rg ue  fo r  the  in v o lv e m e n t o f tra d e  
un ions in  th e  w ho le  q u e s tio n  o f new te ch n o lo g y . E v id e n ce  o f m uch  
re la te d  re s e a rc h  and th e  e x p e rie n c e  at C a te r p i l la r ,  G lasgow  shows 
th a t l i t t l e  p ro g re s s  w i l l  be m ade w ith o u t in v o lv e m e n t o f t ra d e  un ions 
a t a l l  le v e ls  o f th e  un ion  h ie ra rc h y .  W h e re  th is  re s e a rc h  m a y  d i f fe r  
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f r o m  the  f in d in g s  o f o th e r  re s e a rc h e rs  is  in  th e  t im in g  and m a n n e r 
w h ic h  is  b e s t used f o r  th is  in v o lv e m e n t, a s u b je c t to  be d iscu sse d  
la te r  u n de r "C o m m u n ic a t io n s " , as th e  m eans b y  w h ic h  new te ch n o lo g y  
is  im p le m e n te d , is  as im p o r ta n t as the  te c h n o lo g ic a l change i ts e lf .
In  c e r ta in  te c h n ic a l s itu a tio n s , as those  re la te d  to  N. C. , m a ch in e  
to o ls , c e r ta in  typ e s  o f b e h a v io u r  p re d o m in a te . T h e  w o rk  o f L e o n a rd  
S ayles is  in te re s t in g  in  th is  co nne c tio n . He id e n t if ie s  4 b e h a v io u ra l 
p a tte rn s  o b s e rv e d  in  w o rk in g  g roups  and he c a lls  th e se  a p a th e tic , 
s t ra te g ic ,  e r r a t ic  and c o n s e rv a tiv e . In  th e  s tra te g ic  w o rk  g ro up s  
the  n o rm s  and va lu e s  o f th e  w o rk  g ro up  i t s e l f  a re  c o n c e n tra te d  on 
d e ve lo p in g  a s tra te g y  in  d e a lin g  w ith  m an agem ent. T h e  peop le  he 
pu ts  in  th is  g ro u p  a re  peop le  w o rk in g  on the  f r in g e  be tw een  s k i l le d  
and s e m i- s k i l le d  e m p lo y m e n t, w e ld e rs , m a c h in is ts , c u tte rs  and th e  
l ik e .  T h e se  g ro u p s , he says , p ic k  th e  r ig h t  is su e s  on w h ich  to  
s t r ik e  f r o m  th e  p o in t o f v ie w  o f a fa v o u ra b le  ou tco m e . He a lso  d e s ­
c r ib e s  th e  c o n s e rv a tiv e  w o rk  g ro u p s ; these  a re  th e  c ra f t  w o rk  g ro up s  
w hose d isp u te s  a re  a lw a ys  re la te d  to  w ha t a re  v ie w e d  as a tta cks  on 
th e  s ta tu s  o f th a t p a r t ic u la r  w o rk  g ro u p  o r ,  f o r  e xa m p le , w h e re  th e  
d if fe r e n t ia l  be tw ee n  s k i l le d  and s e m i- s k i l le d  gets to o  n a r ro w . T h is  
re s e a rc h  is  not co n ce rn e d  d ir e c t ly  w ith  the  o th e r  2 w o rk  g ro u p s , 
a p a th e tic  and e r r a t ic ,  as d e s c r ib e d  b y  Sayles (27).
T h e  w o rk  and fin d in g s  b y  S ayles can be id e n t if ie d  in  the  case s tu d ie s  
re p o r te d  in  th is  re s e a rc h  as re la te d  to  the  c r a f t  e le c t r ic ia n s ,  m a in ­
tenance  e n g in e e rs  and th e  w e ld e rs  at C a te rp i l la r ,  G lasgow .
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3 ,8  -  M A N A G E M E N T  A T T IT U D E  T O  N EW  T E C H N O L O G Y .
S e n io r m anagem ent at C a te r p i l la r ,  G lasgow  in  1964, w e re  d iv id e d  in  
th e ir  a tt itu d e  to  new N. C . , m a ch in e  to o ls . M a n u fa c tu r in g  m anagem ent 
w e re  f r u s t r a te d  w ith  th e  p e r fo rm a n c e  o f the  o r ig in a l  A m e r ic a n  e q u ip ­
m e n t w h ic h  was in  th e  m a in ,, co n v e n tio n a l s ta n d -a lo n e  m a ch in e  to o ls . 
P ro d u c t io n  m e thods  w e re  la b o u r  in te n s iv e  in  s m a ll  b a tch  typ e  p ro d u c t­
io n s , ou tpu t w as s lo w  and haph a za rd . T h e  p la n n in g  and co s t a c co u n t­
an t m anagem ents  w e re  co n ce rn e d  about th e  s iz e  o f th e  in v e s tm e n t in  
N . C . , eq u ip m e n t w hen th e  p la n t was s t i l l  not p ro f i ta b le  and th e y  
co u ld  no t ju s t i f y  th is  equ ip m en t on a re tu rn  on in v e s tm e n t a n a ly s is , 
e s p e c ia lly  w hen B r i t is h  la b o u r  ra te s  w e re  co m p a re d  to  Arm e r ic  an. 
O th e r  s e n io r  m a n a g e rs  w e re  co n ce rn e d  about th e  consequences o f 
N . C . , re la te d  to  t ra d e  un ion  dem ands and p o s s ib le  re s is ta n c e .
E t t l ie  in  h is  re s e a rc h  o f 10 A m e r ic a n  o rg a n is a tio n s  who use N , C . , 
e q u ip m e n t, conc luded  th a t to p  m anagem ent s u p p o rt a t th e  concep t 
s tage  was an im p o r ta n t fa c to r  in  th e  s u c c e s s fu l u t i l is a t io n  o f th e  N. C . , 
m a ch in e  to o l w hen  i t  was e v e n tu a lly  in s ta lle d  (23). S w ords Is h e rw o o d  
and S enker o b se rve d  in  th e i r  e x te n s iv e  s tu d y  o f B r i t is h  and G e rm a n  
u s e rs  o f N . C . , e q u ip m e n t, th a t som e to p  m anagem e n t appea red  to  be 
r e s is t in g  th e  in tro d u c t io n  o f N. C . , eq u ipm e n t. A c tu a l ly  th e y  w e re  in  
fa c t dem and ing  s p e c if ic  re tu rn s  on in v e s tm e n t, w h ic h  w ith o u t p r e ­
v io u s  e x p e r ie n c e , th e ir  c o s t accoun tan ts  and p ro d u c tio n  e n g in e e rs  
w e re  unab le  to  a c c u ra te ly  q u a n tify  (13).
D e s p ite  th e  d iv is io n  o f th in k in g  in  th e  s e n io r  m anagem ent g ro up , the  
d e c is io n  w as m ade to  seek a p p ro v a l fo r  the  a c q u is it io n  o f the  f i r s t  
g ro up  o f N. C . , m a ch in e  to o ls  w h ic h  w e re  e v e n tu a lly  in s ta lle d  in  the  
G lasgow  P la n t in  1966,
Changes in  O rg a n is a tio n  S tru c tu re ,
O n the  s u b je c t o f te ch n o lo g y  and the  s t ru c tu re  o f m an agem ent, the  
la te  Joan  W o o d w a rd  o f Im p e r ia l  C o lle g e , L o nd o n  is  p ro b a b ly  the  b e s t 
know n and m o s t in f lu e n c ia l p ro p o n e n t o f the  th e s is  th a t, c o n tra ry  to  
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m u ch  o f c la s s ic a l th e o ry  -  the  m anagem ent s t ru c tu re  m o s t a p p ro p r i­
a te  to  a f i r m 's  re q u ire m e n ts  la rg e ly  depends on i ts  te ch n o lo g y  (26),
L u n d g re n  in  a s tu d y  o f 7 com pan ies  in  the  m id  w e s t o f A m e r ic a  in  
1969, o b se rve d  th a t changes had been m ade in  th e  o rg a n is a tio n  s t r u c t ­
u re  due to  th e  im p a c t o f N. C . , te ch n o lo g y . T h e se  changes showed 
th a t a m o d u la r  typ e  s t ru c tu re  as a m eans to  a s s u re  an e f f ic ie n t o p e r ­
a tio n  had been in c o rp o ra te d  as a com ponent o f a la r g e r  m a n u fa c tu r in g  
s y s te m . F ig u re s  N os: 3 ,1  and 3. 2 i l lu s t r a te  th e  typ e  o f s tru c tu re s  
w h ic h  L u n d g re n  found  in  h is  s tu d y  o f 7 A m e r ic a n  com pan ies  (21), 
C happ ie  and S ayles a ls o  advoca ted  in te r re la t in g  th e  p ro d u c tio n  and 
o rg a n is a tio n  s t ru c tu re  w ith  the  d e c is io n -m a k in g  p ro c e s s  a ffe c t in g  the  
in d iv id u a l,  d e s ig n in g  th e  s t ru c tu re  f r o m  th e  b o tto m  up, b a s in g  the  
o rg a n is a tio n  on th e  a c tu a l w o rk  f lo w , and s u p e r im p o s in g  s t ru c tu re  on 
a know n te ch n o lo g y  (28).
C a te r p i l la r ,  G lasgow  in  i ts  e v o lu tio n a ry  d e ve lo p m e n t o f N , C . , te c h ­
n o lo g y  had not a tte m p te d  to  change the  o rg a n is a tio n  at f i r s t  l in e  
m anagem ent le v e l,  bu t had se t up a c o -o rd in a to r  to  p ro g ra m m e  a l l  
N . C . , m a ch in e  to o ls . T h is  c o -o rd in a to r  w o rk in g  ou t o f th e  p la n n in g  
d iv is io n  had in fo r m a l re la t io n s  w ith  bo th  th e  p la n t e n g in e e r in g  s ta f f  
a ss ig n e d  to  th e  e le c tro n ic s  o f N. C . , and th e  c o m p u te r  s ta f f  f o r  p r o ­
g ra m m in g  h a rd w a re  and s o ftw a re  a s s is ta n c e , bu t th e re  is  no fo rm a l 
s t ru c tu re  re s p o n s ib le  fo r  N . C . , te ch n o lo g y . L u n d g re n  in  h is  f in d in g s  
d id  not a p p e a r to  ta ke  cogn isance  o f th e  fa c t th a t m a n y  o rg a n is a tio n s  
do not have an N. C . , fo re m a n  o r  even an N . C . , m a ch in e  a re a , bu t 
m o re  o fte n  i t  is  a m ix tu re  o f N, C , , and co n v e n tio n a l m a ch in e  to o ls . 
T h e  chang ing  o f the  o rg a n is a tio n  s t ru c tu re  to  s u it  th e  N. C . , te ch n o ­
lo g y  cou ld  no t be e a s ily  ach ieved  w ith  an e s ta b lis h e d  m ix e d  te ch n o lo g y . 
W il l ia m s  and W il l ia m s  in  a re s e a rc h  p a p e r on th e  p o s s ib le  consequen­
ces o f N. C . , te ch n o lo g y  on o rg a n is a tio n  s t ru c tu re  p e rc e iv e d  2 m a jo r  
im p lic a t io n s  fo r  th e  w o rk  fo rc e , v iz : -
o T h e  H o r iz o n ta l E ffe c t .  P re s s u re s  re q u ire  g re a te r  and m o re  
e ffe c t iv e  in te rp e rs o n a l re la t io n s h ip s  be tw een  the  in d iv id u a ls  con ­
ce rn e d  w ith  th e  n u m e r ic  c o n tro l p ro c e s s .
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T h e  V e r t ic a l  E ffe c t.  T h is  a r is e s  f r o m  th e  n e c e s s ity  to  a ss ig n  job  
d u tie s  and re s p o n s ib il i t ie s  to  in d iv id u a ls  p o s s e s s in g  a h ig h  le v e l 
o f te c h n ic a l know ledge  (29), T h e ir  a rg u m e n t tends  to  a g re e  w ith  
th e  f in d in g s  o f L u n d g re n  and th e  changes m ade b y  c e r ta in  c o m ­
pan ies  in  o rd e r  th a t th e y  e f fe c t iv e ly  u t i l is e  th e  N . C , te ch n o lo g y .
M anagem ent s t ru c tu re  a t th e  G lasgow  p la n t has l i t t l e  re la t io n s h ip  to  
the  te ch n o lo g y  o f m a n u fa c tu r in g  p ro ce sse s  bu t i t  is  c lo s e ly  re la te d  to  
the  te ch n o lo g y  o f the  p r im e  p ro d u c t p roduced . Indeed  th e  w ho le  o f the  
C a te r p i l la r  w o r ld w id e  o rg a n is a tio n  s tru c tu re  is  a lm o s t id e n t ic a l p la n t 
b y  p la n t, w ith  p e rha p s  som e m in o r  e xce p tio n s ; th is  is  a g a in  a lm o s t 
re la te d  to  th e  p o lic y  o f in te rc h a n g e a b le  p a r ts  no m a tte r  in  w h ich  p la n t 
th e y  a re  p ro d u ce d , th e y  w i l l  f i t  e x a c tly . E q u a lly  so m a n a g e rs , s u p e r­
v is o rs  and m a n y  o f the  w e e k ly  p a id  s ta ff ,  co u ld  be  exchanged in  any 
n u m b e r o f C a te r p i l la r  p la n ts  w o r ld w id e , and a c c e p tin g  th e  language 
b a r r ie r s ,  co u ld  w ith in  a fe w  days c a r r y  out th e  sam e ta sks  as th e y  p e r ­
fo rm e d  in  th e i r  o r ig in a l  p la n t. H o w e ve r a d m ira b le  th is  m a y  ap p e a r and 
i t  has been e ffe c t iv e  fo r  m a n y  y e a rs , the  w ho le  q u e s tio n  o f m anagem ent 
s t ru c tu re  is  c o m in g  u n de r q u e s tio n  a t C a te r p i l la r ,  no t due to  changes 
in  th e  te ch n o lo g y  o f the  p r im e  p ro d u c ts ,b u t m o re  so re la te d  to  the  use 
o f m a n u fa c tu r in g  and o th e r te ch n o lo g ie s  w h ic h  a re  c e n tra l to  th is  
re s e a rc h . A n  e xa m p le  o f th is  p re s s u re  to  change is  re la te d  to  the  
s e n io r  m a n a g e r re s p o n s ib le  f o r  m a n u fa c tu r in g  the  p ro d u c t; up u n t i l  
re c e n t ly  he had c o n tro l o f not o n ly  the  m eans to  m a n u fa c tu re  in  te rm s  
o f la b o u r  and e q u ip m e n t, th e  m a in ten a n ce  o f th is ,  the  c o n tro l o f p r o ­
d u c tio n  and m a te r ia l  f lo w  and a lso  th e  fu tu re  te c h n ic a l p la n n in g  f o r  the  
p la n t. T o d a y  due to  changes in  te ch n o lo g y  and c o m p u te r  s y s te m s , 
p ro d u c tio n  c o n tro l has gone to  a n o th e r d is c ip lin e  and fu tu re  p la n n in g  o f 
v e ry  advanced te c h n o lo g y  has been c re a te d  in to  a se p a ra te  e n tity . I t  is  
not to  say th a t one m a n a g e r is  in ca p a b le  o f c o n tro ll in g  th e  fo r m e r  
s t ru c tu re ,  b u t m o re  so th a t th e  d if fe re n c e s  in  te c h n o lo g ic a l know ledge  
a re  b e co m in g  too  v a r ie d  f o r  one p e rs o n  to  c o m p e te n tly  o rg a n is e  and 
c o n tro l on a day to  day b a s is . A  new fu n c tio n  to  be know n as te c h n ic a l 
s e rv ic e s  has been c re a te d  and i t  is  a n tic ip a te d  in  t im e  th a t the  fu n c tio n  
o f d e ve lo p in g  and p la n n in g  advanced te ch n o lo g ie s  fo r  C a te r p i l la r  w i l l
e v e n tu a lly  be lin k e d  to g e th e r  w ith  th e  b u s in e ss  o f m a n a g in g  the
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c o m p u te r s e rv ic e s , th e  la t te r  w h ich , as is  found  in  m o s t o rg a n is a tio n s  
due to  the  n a tu re  o f i t s  e a r ly  co m p u tin g  ta s k s , is  c u r r e n t ly  a tta ch ed  to  
the  a cco un tin g  d e p a rtm e n t. A n  e x is t in g  o rg a n is a t io n  s t ru c tu re  fo r  
C a te r p i l la r ,  G lasgow  is  show n in  F ig u re  No: 3.3 w ith  the  new p ro po se d  
o rg a n is a tio n  s t ru c tu re  re s u lt in g  d ir e c t ly  f r o m  te c h n o lo g ic a l d e ve lo p ­
m e n ts .
F a c to ry  L in e  M id d le  M ana g e m e n t.
I n i t ia l l y  on th e  in tro d u c t io n  o f th e  f i r s t  N . C. m a ch in e  to o ls  to  G lasgow  
p la n t in  1966, th e  fa c to ry  l in e  m a n ag e rs  tended  to  r e s is t  the  change. 
T h is  is  a p p a re n tly  no t an a tt itu d e  p e c u lia r  to  C a te r p i l la r  as c o n s id e ra b le
a tte n tio n  has been p a id  in  p re v io u s  re s e a rc h  to  the  s u b je c t o f th e  k in d s  
o f peop le  in  in d u s t r ia l  e n te rp r is e s  who a re  m o s t l ik e ly  to  w e lco m e  o r  
r e s is t  change as such . S w ords Ish e rw o o d  and S enke r in  th e i r  re s e a rc h  
on the  Im p lic a t io n s  o f A u to m a te d  S m a ll B a tch  P ro d u c t io n  o b se rve d  th a t 
th e  p ro b le m  found  in  m a n y  B r i t i s h f  i r m s  a s s o c ia te d  w ith  b r in g in g  in  N, C , 
equ ipm en t was c o n s e rv a t is m  in  m a ch in e  shop m a n a g e m e n t,ra th e r  than  
in tra n s ig e n c e  on th e  shop f lo o r  on the  p a r t  o f th e  w o rk fo rc e . T h is  co n ­
s e rv a t is m  a ppea red  to  deve lop  out o f la c k  o f know le dg e  o f N. C . , a fe a r  
o f th e  n e c e s s a ry  re -o rg a n is a t io n  f r o m  the  p u rc h a s e  o f N. C . , and a 
re lu c ta n c e  to  acce p t in c re a s e d  re s p o n s ib il i ty .  ( 1 3 ) .  B h a tta c h a ry y a  
on the  o th e r  hand show ed th a t i t  to o k  in  som e ca ses , a l l  o f 2 y e a rs  to  
get the  new N. C. m a ch in e  to o ls  de-bugged  and ru n n in g  s m o o th ly . T h is  
s itu a t io n  caused  m id d le  l in e  m anagem ent m uch  f r u s t r a t io n  and a r e s is t ­
ance to  fu r th e r  change due to  th e  e a r ly  u n r e l ia b i l i t y  o f e qu ipm en t, ( 22 ),
G e n e ra lly , the  o b s e rv a tio n s  m ade o f the  C a te r p i l la r  G lasgow  p la n t 
s itu a t io n  tends to  c o n f irm  the  com m on  in d u s t r ia l  p s y c h o lo g ic a l and 
s o c io lo g ic a l h yp o th e s is  o f a c u r v i l in e a r  re la t io n s h ip  be tw een  job  s ta tu s  
o r  p o s it io n  in  the  f i r m  on the  one hand, and re c e p t iv i ty  to  te c h n o lo g ic a l 
and o th e r changes on the  o th e r . T h a t is  to  say, p o s it iv e  o r ie n ta tio n s  to  
change have  tended  to  be s tro n g e s t a t the  tw o  ends o f the  o rg a n is a tio n a l 
h ie ra rc h y  o r  co n tinu u m . B lu e  c o l la r  w o rk e rs  w ith  jo b  s e c u r ity ,  
im p ro v e d  w age m o tiv a tio n s  o r  new s ta tu s  consc io u sn ess  have tended to  
e x h ib it r e la t iv e ly  l i t t l e  o v e ra l l  re s is ta n c e  to  change (th a t is ,  d e sp ite  
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Figure No: 3, 3.
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th e i r  u n io n 's  a p p a re n t s tand  fo r  a sh a re  o f the  b e n e fits  f r o m  the  new 
te ch n o lo g y ), w h ile  a t th e  o th e r end o f the  sc a le , te c h n o lo g ic a l p r o ­
g re s s iv e n e s s  o r  a m a rk e t p ro p e n s ity  to  deve lop  and u t i l is e  new te c h ­
n o lo g ie s , o r  to  m a ke  changes, has tended to  be a fe a tu re  o f m a n ag e rs  
and o th e r  ke y  p e rs o n n e l w ith  a h ig h  degre e  o f p ro fe s s io n a l educa tio n  
and t ra in in g .  C a te r p i l la r 's  m anagem ent s t ru c tu re  (F ig u re  No: 3, 3) 
d is p la y s  2 b a s ic  g ro u p s , the  c e n tra l m a n u fa c tu r in g  m id d le  m anage ­
m e n t and th e  o tt ie r  g ro up  o ccup ied  b y  the  s e rv ic e  fu n c tio n s  to  th is  
c e n tra l s tra ta .  T h e  fo r m e r  g ro u p  re s p o n s ib le  d ir e c t ly  f o r  th e  day to  
day ou tpu t f r o m  th e  m a ch in e  shop and a s s e m b ly , e x h ib ite d  th e  g re a t­
es t d e g ree  o f re s is ta n c e  to  change due, i t  is  fe l t ,  to  the  in te r ru p t io n  
to  p ro d u c tio n  i t  tended  to  b r in g  to  th e i r  in d iv id u a l a re a s . (P ro d u c t io n  
ou tpu t is  th e  m a jo r  m eans o f m e a s u r in g  th e se  m a n a g e rs  and th e ir  
re s u lta n t success  in  te rm s  o f an nu a l s a la ry  re v ie w ) . T h e  fa c t th a t 
m a n y  o f th e  new changes w e re  im p o se d  on th e m  by  p e e r m anagem ent 
g ro ups  in  th e  s e rv ic e  a re a s  and m o s t re le v a n t o f a l l ,  th e y  saw  each 
change as a new ro u n d  o f s tru g g le s  w ith  h o u r ly  u n io n  s te w a rd s . T h is  
la t te r  p o in t w as v e r y  o fte n  unfounded fe a r  o f s itu a tio n s  th a t n e v e r 
r e a l ly  cam e about based  on m a jo r  m a n a g e m e n t/u n io n  b a tt le s  w h ich  
have  been a lre a d y  d e s c r ib e d  in  the  te x t.
C ham p ions fo r  T e c h n o lo g ic a l D e ve lo p m e n t.
W h ile  i t  w as show n th a t th e  m id d le  m anagem ent in  th e  fa c to ry  o p e r ­
a tio n  tended, f o r  th e i r  own s p e c if ic  re a so n s , to  r e s is t  changes 
re la te d  to  te ch n o lo g y , b y  c o n tra s t som e o f th e i r  p e e r  m anagem ent 
g ro up  w e re  cha m p ion s  f o r  the  changes. In  G lasgow  P la n t ,  a lthough  
p re v io u s ly  s ta te d , th a t m u ch  o f the  new te c h n o lo g y  was t ra n s fe r re d  
te ch n o lo g y  f r o m  the  A m e r ic a n  p a re n t, i t  was a ls o  no ted  th a t te c h n o ­
lo g ic a l changes w e re  o fte n  the  w o rk  o f in d iv id u a ls  in  v a r io u s  d e p a r t­
m en ts  p re s s in g  fo r  changes i r r e s p e c t iv e  o f w h e th e r th e  re s u lt  o f th is  
change d ir e c t ly  a ffe c te d  h is  o r  h e r  d e p a rtm e n t.
T w o  s h o r t case s tu d ie s  i l lu s t r a te  th is  as fo llo w s  : - 
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Case S tudy No: 3. 5 -  C e n tra l B re a kd o w n  R e p o rt in g  S ys te m s .
T h e  m a in te n a n ce  m a n a g e r in  1970 a t C a te rp i l la r ,  G lasgow  had no 
re a l m e a s u re  o f d o w n tim e  on p ro d u c tio n  m a ch in e  to o ls  n o r  was th e re  
any a n a ly s is  o f th e  causes o f d o w n tim e , e ffe c t on p ro d u c tio n , re p la c e ­
m en t o r  r e p a ir  co s t re la t io n s h ip ,  e tc . He knew  th a t th e re  was l i t t l e  
chance o f g e tt in g  th is  w o rk  done m a n u a lly  as the  data  w as too  
v o lu m in o u s , n o r  d id  he see th e  o p p o rtu n ity  f o r  c o m p u te r  t im e  in  the  
nex t fe w  y e a rs . Y e t, d e s p ite  m a n y  se tb a cks , som e obv ious  sabotage 
b y  h o u r ly  m a in te n a n ce  m en , and no t a lo t  o f s u p p o rt f r o m  fe llo w  
m a n a g e rs , he succeeded  in  in s ta l l in g  a te le w r i te r  s y s te m  in  a l l  m a in ­
tenance  s ta tio n s  so th a t b re a kd o w n  c a lls  co u ld  com e to  one c e n tra l 
p o in t to  be re c o rd e d  and a u to m a t ic a lly  fe d  b y  te le p h o n e  w ir e  to  th e  , 
m a in ten a n ce  m an  fo r  a c tio n . T h e  data  ca rd s  w e re  a l l  des igned  w ith  
th e  idea  th a t e v e n tu a lly  th e y  co u ld  be fe d  in to  a c o m p u te r p ro g ra m m e  
th us  b u ild in g  up a data bank on each m a ch in e  to o l.  In  th e  s h o r t te r m  
he in s ta lle d  a m a n u a l m e c h a n ic a l s o r te r  s y s te m , such th a t in fo rm a ­
t io n  co u ld  be e x tra c te d  on th e  d o w n tim e  p e r fo rm a n c e  o f c r i t i c a l  
m a ch in e  to o ls . T h e  w ho le  s y s te m  is  now o p e ra tin g  v e r y  s u c c e s s fu lly  
on a c o m p u te r p ro g ra m m e  bu t w ith o u t th is  in d iv id u a l m a n a g e r 's  
a p p lic a t io n  and d r iv e ,  th e  p ro je c t  w ou ld  n e v e r have got o ff  the  
g round .
T h e se  o b s e rv a tio n s  w e re  a ls o  m ade b y  s tu d ie s  m ade b y  L a n g r is h  and 
o th e rs  (15) and a ls o  b y  Schon (30), th a t th e re  was an a rg u m e n t f o r  the  
im p o r ta n c e  o f th e  te c h n ic a l o rg a n is a tio n  e n tre p re n e u r  o r  p ro d u c t 
ch a m p io n  in  s t im u la t in g  change in  in d u s try .
Case S tudy No: 3. 6 -  VDU In s ta lle d  at R e c e iv in g .
T h e  m a n a g e r o f q u a li ty  a s s u ra n ce  pushed c o n s is te n t ly  s in ce  1974 fo r  
a m a jo r  im p ro v e m e n t in  m a te r ia l  h a n d lin g  e f f ic ie n c y  e s p e c ia lly  
re la te d  to  m a te r ia l  as re c e iv e d  f r o m  s u p p lie rs , th e  d e p a rtm e n t 
re s p o n s ib le  f o r  m a te r ia ls  e v e n tu a lly  got a c o m p u te r s e rv ic e  extended 
to  the  re c e iv in g  depot w h ic h  lin k e d  te rm in a ls  and v is u a l d is p la y  u n its .
/ .  . . -139-
T h e  m a jo r  b e n e fits  w e re  co nce rned  w ith  a m o re  a c c u ra te  know ledge  
o f in v e n to ry , re d u c t io n  in  c a p ita l co s ts  and m a te r ia l  f lo w  e ff ic ie n c y  
bu t th e  s ide  b e n e fits  ga ined  b y  th e  q u a lity  a ss u ra n c e  d iv is io n  w e re  a 
b e t te r  m e a s u re m e n t of s u p p lie rs ' q u a li ty  as re c e iv e d  in  p la n t and 
le s s  dam age to  m a te r ia l  due to  re d uce d  h a n d lin g .
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3. 9 -  R E T U R N  ON IN V E S T M E N T  R E L A T E D  T O  NEW  
T E C H N O LO G Y .
C a te r p i l la r ,  G lasgow  P la n t ,  f i r s t  in ve s te d  in  N. C . , m a ch in e  to o ls  in  
1966 in i t ia l ly  to  im p ro v e  p ro d u c t iv i ty  and im p ro v e  a c c u ra c y  o f c o m ­
ponents b e in g  p ro du ce d . L a t te r ly ,  th e  in v e s tm e n t in  th is  te c h n o lo g y  
a ls o  in c lu d e d  re a so n s  such as, c o m p le x ity  o f com ponen ts  and the  
fa c t th a t e x is t in g  co n v e n tio n a l eq u ipm en t w as w o rn  ou t.
I t  w as e s s e n tia l,  f o r  th e  f in a n c ia l v ia b i l i t y  o f th e  p la n t, th a t the  
a n tic ip a te d  r e tu r n  on in v e s tm e n t on th is  N. C . , e q u ip m e n t and o th e r 
c a p ita l eq u ip m e n t be ga ined . C a te r p i l la r  lo o k  fo r  m in im u m  ra te s  o f 
r e tu rn  o f 20 p e rc e n t on a l l  p ro je c ts ,  w ith  th e  e x ce p tio n  o f p ro je c ts  
ra is e d  fo r  q u a lity ,  s a fe ty  o r  h e a lth  re a so n s . A p p e n d ix  F  has a copy 
o f th e  c u r re n t  fo rm  used b y  C a te r p i l la r  to  c a lc u la te  r e tu r n  on in v e s t­
m en t v a lu e s , i t  has 8 s p e c if ic  s tages , v iz  -
o In s ta lle d  co s t le s s  d isp o se d  asse ts  and re w o rk  co s ts , 
o N ex t y e a r  a n a ly s is ,
o R e tu rn  on a ve ra g e  in v e s tm e n t,
o R ecom m ended  a c tio n .
o C a p ita l a llo w a n ce  - p ro po se d  in v e s tm e n t,
o L a b o u r  co s ts  and sa v in g s ,
o M a ch in e  r e p a ir .
o O th e r m a n u fa c tu r in g  fa c to rs  ( to o lin g , s c ra p ).
T h is  s y s te m  o f a n a ly s is  has been deve loped  o v e r  m a n y  y e a rs  o f 
e x p e rie n c e  a t C a te r p i l la r .  T h e  s y s te m  is  d yn a m ic  as i t  is  c o n tin u a lly  
re v ie w e d  to  m e e t new changes, such as ta x  co n d itio n s  and o th e r 
p o s s ib le  c a p ita l a llo w a n ce s .
R easons w hy  R e tu rn  on In v e s tm e n t f o r  new te c h n o lo g y  fa i ls  to  m ake  
th e  a n tic ip a te d  re tu rn s .
B h a tta c h a ry y a  in  an e x te n s iv e  s tu d y  on P e n e tra t io n  and U t i l is a t io n  on 
N. C. /C .  N. C. , m a ch in e  to o ls  in  B r i t is h  In d u s try  (22) p u b lish e d  in  
N o v e m b e r 1976, showed th a t o n ly  5 p e rc e n t o f a l l  the  f i r m s  in  the  s tu d y
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had 60 p e rc e n t o r  m o re  u t i l is a t io n  ra te s . T h e  re a so n s  f o r  th is  
r e la t iv e ly  lo w  u t i l is a t io n  w e re  g ive n  a s :-
o No p ro p e r  o rg a n is a tio n  to  hand le  N. C . s y s te m  such as s o ftw a re , 
p lanned  m a in ten a n ce  and p ro p e r  le a d e rs h ip ,
o P o o r  t r a in in g  o f o p e ra to rs ,
o C om ponent d e s ig n e rs  not in v o lv e d  in  N. C,
o T o o lin g  p re p a ra t io n  w as p o o r ly  o rg a n ise d . *
o P ro g ra m m in g  o f s o ftw a re  w as re m o te  and s lo w .
o N. C . was used w h e re  a co n v e n tio n a l s y s te m  w o u ld  have been
s u ita b le , "  ~
T h e  5 p e rc e n t o f f i r m s  who got 60 p e rc e n t o r  o v e r  u t i l is a t io n  had a l l  o f 
the  above 6 fa c to rs  w e l l  u n de r c o n tro l.  B h a tta c h a ry y a  i l lu s t r a te d  th e  
u t i l is a t io n  b y  d is p la y  o f the  fo l lo w in g :-
M a ch in e  U t i l is a t io n  F ig u re s  as a P e rc e n ta g e  o f S h ift
S e ttin g  Up & T ape  R unn ing  M a in tenan ce
T a p e  P ro v in g ; T im e :________  & R e p a ir :
35 (25) 40 (50) 15 (12)
L a c k  o f a v a i la b i l i t y  o f o p e ra to r ,  to o ls  o r  m a te r ia ls .
10 (13)
( ) F i r m s  in  C o n s tru c t io n  and V e h ic le  s im i la r  to  C a te r p i l la r .
In  h is  s tu d y  in  1970 o f 5 B r i t is h  com pan ies  on th e ir  a pp ro a ch  to  n u m e r i­
c a l c o n tro l o f m a ch in e  to o ls , H ugg ins showed how fa i lu r e  r e s u lte d . 
in  th e  re a lis a t io n  o f R .O  . I .  T h e se  fa i lu re s  re s u lte d  in  in a c c u ra te  c a l­
c u la t io n  o f ove rhea ds  p la ce d  a g a in s t th e  N. C. m a ch in e , in a c c u ra te  
m a c h in in g  co s ts , la c k  o f t r a in in g  o f m a in ten a n ce , p o o r sch e d u lin g  o f 
ra w  m a te r ia l  to  th e  m a ch in e , an o v e r -e s t im a te d  c la im  fo r  in d ire c t  
sav ing s  such as a c c u ra c y , re d u ce d  s to cks , re d u ce d  le a d  t im e s  and 
to o lin g  co s ts , and f in a l ly  the  la c k  o f any p ro p e r  te a m w o rk  re la te d  to  the  
N. C. s y s te m . H ugg ins  m akes 10 p ro p o s a ls  to  e n su re  success w ith  the  
N. C. s y s te m  and m a x im is e  R . O. I .  H is  10 ru le s  w e re  as fo llo w s : (31)
^.......... -142-
1. D e fin e  o b je c tiv e s  fo r  th e  N. C. sy s te m .
2. F o rm u la te  a lo n g  te rm  p la n  fo r  N. C.
3. S e lec t N. C . , m a ch in e s  w ith  ca re .
4. E s ta b lis h  r e a l is t ic  m a ch in e  h o u r ra te s .
5. T r a in  a l l  s ta f f  p ro p e r ly .
6. C o n tin u a l fe edb ack  to  e n su re  o b je c tiv e s  a re  m e t.
7. A p p ly  N. C . , d is c ip lin e s  to  co n v e n tio n a l m a c h in in g .
8. D e ve lo p  o rg a n is a tio n  s t ru c tu re  f o r  N. C.
9. M e e t s p e c if ic a t io n s  w ith  th e  N. C . , m a ch in e .
10, R ev ie w  th e  o r ig in a l  o b je c tiv e s  and re v is e  i f  n e c e s s a ry .
John E t t l ie  in  a s im i la r  s tu d y  o f 10 o rg a n is a tio n s  in  th e  m id  w es t o f 
A m e r ic a  in  1972, showed th a t w hen  success  in  te rm s  o f u t i l is a t io n  
was co n ce rn e d , th e re  w e re  9 com m on  in d ic a to rs  am ong  th e se  c o m ­
pan ie s  a c h ie v in g  th is  h ig h  u t i l is a t io n .  T h e  9 fa c to rs  w e re  as 
fo llo w s  : -
1. E m p h a s is  on b e s t lo c a t io n  in  th e  m a ch in e  shop c o n c e rn in g  in te ­
g ra t io n  w ith  p re s e n t w o rk  f lo w , t ru c k in g , s to ra g e  o f m a te r ia l ,  
p re -s e t  to o lin g  a re a , m a in te n a n ce  and p ro g ra m m in g  fa c i l i t ie s .
2. T o ta l in v o lv e m e n t and c o m m itm e n t b y  a l l  co n ce rn e d  w ith  th e  N. C . , 
m a ch in e  a t concep t s tage  th ro u g h  to  in s ta lla t io n  s tage .
3. A  p e rs o n  a ss ig n e d  to  p ro g ra m m in g  and g iv e n  a l l  th e  n e c e s s a ry  
c o m p u te r s u p p o rt.
4. P a r ts  f o r  N. C . , w e re  p lanned  ahead, des igned  to  s u it  N . C . , 
m o re  em p ha s is  on co m p le x  p a r ts .
5. F i r m  had a s p e c if ic  p u rp o se  in  m in d  fo r  th e  N. C . , m a ch in e  and 
ju s t i f ie d  i t  w ith  a r ig o ro u s  m ethod .
6. T ra in in g  o f a l l  p e rs o n n e l connected  w ith  N. C . , g ive n  s p e c ia l 
a tte n tio n .
7. S u c c e s s fu l f i r m s  in  th e  s tu d y  had had p re v io u s  N. C. e x p e rie n c e  i .  e, 
e a r l ie r  m a ch in e s  o r  had lu re d  em p loyees in  w ith  N. C. know ledge .
8. B o th  to p  and m id d le  m anagem ent s u p p o rt o f th e  d e c is io n  to  adopt 
th e  new N . C . , to o l.
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9. C o m m u n ic a tio n s  w e re  im p o r ta n t f o r  top  m anagem ent s u p p o rt a t 
th e  t im e  o f d e c is io n  to  p u rch a se  N, C . , m a ch in e .
Sw ords Is h e rw o o d  and S enker c a r r ie d  out m a tch e d  case s tu d ies  o f m a ­
ch ine  shops in  B r i t i s h  and W est G e rm a n y . T h e y  co n c lu d e d  th a t a 
s ig n if ic a n t b a r r ie r  to  m a x im is in g  on u t i l is a t io n  o f N. C . , w as re la te d  to  
p o o r m a in te n a n ce  o rg a n is a tio n  and a g e n e ra l re lu c ta n c e  am ongst 
m anagem ents  to  accep t new re s p o n s ib il i t ie s .  T h e y  had to  e nsu re  a 
r e tu r n  on in v e s tm e n t, i f  a m a ch in e  to o l b re a k s  dow n one w as lo s in g  the  
ou tpu t o f 5 m a ch in e s  and th a t is  v e r y  s e r io u s  (13). F ro m  the  a b ove - 
m e n tio n e d  s tu d ie s  th e re fo re . C a te r p i l la r ,  G lasgow  w i l l  no t be un ique 
in  te rm s  o f w h y  the  in i t ia l  r e tu rn  on in v e s tm e n t show n b y  the  a n a ly s t 
in  h is  a n a ly s is , does not a lw a ys  r e f le c t  th e  a n tic ip a te d  r e tu r n  in  re a l 
te rm s , and in v a r ia b ly  i t  ta ke s  lo n g e r  to  m ake th e  re tu rn .  T h is  pheno­
m enon  is  not c re a te d  b y  p o o r a n a ly t ic a l w o rk  n o r  b y  in a c c u ra te  data 
a t th e  s tage  o f c a lc u la t io n , bu t m o re  so as fo llo w s
1. T h e  m a ch in e  to o l o r  equ ipm en t s u p p lie r  fa i ls  to  m e e t the  p ro m is e d  
da te  f o r  th e  m a ch in e  to o l a ccep tance  t r i a l .  (T h is  d ile m m a  is  m o s t 
com m on  w ith  B r i t is h  m a ch in e  to o l b u ild e rs  and le a s t w ith  G e rm a n  
m a ch in e  to o ls  s u p p lie rs ) .
2. W hen the  m a ch in e  to o l accep tance  t r i a l  is  conducted , n o rm a lly  
on the  b u ild e r 's  s ite , re je c t io n  o f th e  m a ch in e  is  caused b y  c o m ­
ponents fa i l in g  to  m e e t th e  re q u ire d  s p e c if ic a t io n  o r  f o r  i l l - f i t t i n g  
m a ch in e  g u a rd s .
3. T h e  d e liv e ry ,  in s ta lla t io n  and c o m m is s io n  o f th e  equ ip m en t takes  
lo n g e r  th a n  a n tic ip a te d  due to  n u m e ro u s  fa c to rs .
4. E a r ly  d if f ic u lt ie s  a re  e xp e rie n ce d  w ith  to o lin g  in  te rm s  o f m e e t­
in g  the  re q u ire d  c u tt in g  speeds and feed s .
T h e  above a re  a lm o s t a l l  te c h n ic a l p ro b le m s  b u t th e  m o s t com m on  
m is c a lc u la t io n  o f a l l ,  re la te s  to  la b o u r  e ffe c tiv e n e s s  and th is  is  a s s u m ­
in g  th a t the  q u e s tio n  o f m a n n in g  as p re v io u s ly  d is c u s s e d  has been r e ­
so lve d . (T h is  im p o r ta n t o b s e rv a tio n  on la b o u r  e ffe c tiv e n e s s  was not 
m ade b y  B h a tta c h a ry y a , S w ords Ish e rw o o d  and S enker n o r  E t t l ie  in  
th e ir  s tu d ie s , a lth ou g h  th e y  do r e fe r  to  a v a i la b i l i t y  and t r a in in g  o f 
o p e ra to rs  as b e in g  c r u c ia l  to  s u c c e s s fu l u t i l is a t io n ) .  E ffe c t iv e  la b o u r  
u t i l is a t io n  c a lls  f o r  the  o p e ra to r  to  be c u tt in g  m e ta l f o r  an 8 -h o u r  s h if t  
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l e s s  personal allowance tim e and tool changing set-up  tim e.
A s  is  the  case a t C a te r p i l la r ,  th is  m e ta l c u tt in g  m u s t a ls o  be con ­
tin u e d  th ro u g h  o th e r w o rk in g  s h if ts ,  i .  e . , eve n ing  s h if ts  and n ig h t 
s h if ts ,  to  a s s u re  th a t m a x im u m  u t i l is a t io n  o f th e  a sse t can be re a lis e d . 
R ecen t re s e a rc h  in  the  s tu d y  b y  A b b o t (14) and, inde ed  in  the  p r a c t ic a l 
exa m p le  a t G oodyea r T y re  fa c to ry  n e a r G lasgow , w h e re  in  1979 r e ­
lu c ta n c e  on th e  p a r t  o f w o rk e rs  to  accep t s h if t  and o v e r t im e  w o rk  on 
F r id a y  even ings and n ig h t s h if t ,  u lt im a te ly  le d  to  the  co m p le te  c lo s u re  
o f the  fa c to ry ,  m u ch  to  the  a s to n ish e d  d is b e lie f  o f th e  lo c a l un ion  
s te w a rd s  w ho had le d  th e ir  m e m b e rs  a g a in s t th e  m a n a g e m e n t's  p la n  to  
e n fo rc e  the  e x tra  s h if ts  to  m a x im is e  u t i l is a t io n  o f e qu ip m e n t and 
change a lo s s  m a k in g  e n te rp r is e  to  one o f p r o f i t  m a k in g , b y  h a v in g  
w o rk e rs  a tte n d  on th e se  s p e c if ic  s h if ts .
In  th e  C a te r p i l la r  case , s h if t  w o rk  has n e v e r been  a r e a l  is su e  fo r  
c o m p la in t as th e  s y s te m  has been w o rk in g  f o r  20 y e a rs  and, indeed , 
som e o f th e  em p loyees  have been on these  s h if ts  c o n s ta n tly  f o r  20 
y e a rs . O fte n  th e  q u e s tio n  o f s h if t  d is c o n te n tm e n t com es due to  r o ta t ­
in g  o f pe op le  f r o m  one s h if t  to  a n o th e r, a p ra c t ic e  w h ic h  is  co m m on  
in  m any  fa c to r ie s .  T h is  s y s te m  is  not used at C a te r p i l la r ,  and con ­
c ludes th a t s h if t  w o rk  is  no t a cause fo r  r e s t r a in t  on new te c h n o lo g ic a l 
change. H o w e v e r C a te r p i l la r  does s u ffe r  b e lo w -e x p e c te d  re s u lts  
f r o m  new c a p ita l e q u ip m e n t th a t cannot be e xp la in e d  in  te rm s  o f te c h ­
n ic a l o r  o rg a n is a t io n a l d i f f ic u lt ie s ,  b u t th is  phenom enon o f r e s t r i c t ­
io n  o f ou tpu t is  one th a t is  not p e c u lia r  to  C a te r p i l la r ,  as i t  has been 
show n in  th e  l i t e r a tu r e  th a t m a l- fu n c tio n in g  ta ke s  p la ce  w h e th e r r e ­
la te d  o r  not to  in c e n tiv e  o r  o th e r  w age re la te d  s y s te m s . O p e ra to rs  
do not w o rk  c o n s ta n tly  o r  c o n tin u o u s ly  fo r  8 -h o u r  s h if ts  le s s  f ix e d  
p e rs o n a l t im e , e s p e c ia lly  w hen on m e a su re d  day w o rk  w ith  no in c e n t­
iv e  sch e m es , th is  is  d e sp ite  adequate s u p e rv is io n  and o th e r s u p p o rt 
s y s te m s . S ta r t and s top  t im e s  a re  not adhe re  to , te a -b re a k s  becom e 
extended, s e t-u p s  w ith  new to o lin g  ta ke  lo n g e r, ra w  m a te r ia l  does 
not a r r iv e  on t im e , and so on. T h e  o v e ra l l  ou tcom e  is  th a t p lanned 
c a p a c ity  is  not re a lis e d  d u r in g  n o rm a l h o u rs , e x tra  o v e r t im e  h o u rs
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a re  w o rk e d , o fte n  c o n tr iv e d , and the  r e tu rn  on in v e s tm e n t takes  m u ch  
lo n g e r  to  o b ta in .
T h e  above d ile m m a  p o in ts  to  a s la c k  m anagem ent o p e ra tio n  o f bo th  
new and e s ta b lis h e d  te ch n o lo g y  b u t in  the  re a l sense v e r y  o fte n  th e  
s ta r t  o f tho se  a p p a re n tly  u n c o n tro lle d  shop f lo o r  s itu a tio n s  com es 
about b y  som e e x te rn a l fo rc e . T h e  h a u lie rs ' s t r ik e  at th e  b e g in n in g  
o f 1979 re s u lte d  in  the  non a r r iv a l  o f ra w  m a te r ia ls ,  m anagem ent 
dec ided  no t to  la y  o ff  the  w o rk  fo rc e ,  w o rk  ru n s  out and peop le  have 
n o th in g  to  do. T h is  becom es th e  n o rm  fo r  a t im e , peop le  get in to  
h a b its , such  as new sp a p e r re a d in g , extended te a -b re a k s  and such, 
and w hen the  m a te r ia l  s ta r ts  to  f lo w , i t  becom es a m a jo r  ta s k  to  cu t 
th e  h a b it and get b a ck  to  e f f ic ie n t  w o rk .
T h is  re s e a rc h  s tu d y  a t C a te r p i l la r  w ou ld  a g re e  w ith  th e  a rg u m e n t o f 
E t t l ie  and H ug g ins  on the  fa c to rs  re q u ire d  to  e n su re  s u c c e s s fu l 
u t i l is a t io n ,  and in  the  f in d in g s  o f B h a tta c h a ry y a , th a t an o rg a n is a tio n  
e s p e c ia lly  se t up to  hand le  N . C . , is  a p re re q u is ite  to  s u c c e s s fu l 
u t i l is a t io n .  F u r th e r  to  these  fin d in g s  re la te d  to  re tu rn  on in v e s tm e n t, 
th e  C a te r p i l la r  e x p e rie n c e  o f m o re  o r  le s s  e v o lu t io n a ry  deve lo pm en t 
o f th e  N . C . , te ch n o lo g y , w ou ld  a rg u e  f o r  m uch  c lo s e r  c o n tro l o f 
la b o u r  e ffe c tiv e n e s s  at the  c u tt in g  p o in t o f th e  m a ch in e  to o l and fo r  a 
re g u la r  a u d it o f a l l  th e  fa c to rs  re la te d  to  R .O , I . , f o r  each m a ch in e  
to o l, to  a s c e r ta in  w hy  the  r e tu r n  is  not b e in g  a ch ie ve d  as p e r  the  
o r ig in a l  c a lc u la t io n . C o r re c t io n  and th e  non re p e a tiv e n e s s  o f these  
p o s s ib le  w eaknesses w ou ld  m ake  a m a jo r  c o n tr ib u t io n  to  the  o v e ra l l  
r e tu rn  on in v e s tm e n t. A n o th e r  le s s  m e a s u ra b le  sa v in g  in  in v e s tm e n t 
in  N , C . , is  in  fa c t th a t o f o p e ra to r  s k i l ls ,  as to  a ch ie ve  th e  sam e 
d e g re e  o f a c c u ra c y  w ith  co n v e n tio n a l e qu ip m e n t, w ou ld  re q u ire  a 
h ig h ly  s k i l le d  m a c h in is t. W h ile  these  advantages cannot re a d i ly  be 
m e a su re d  in  m o n e ta ry  te rm s ,  th e y  can be h ig h lig h te d  as p a r t  o f the  
r e a l e ffe c tiv e n e s s  o f th e  new N, C . , te ch n o lo g y .
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3. 10 - ADVANCE COMMUNICATION OF NEW TECHNOLOGY.
C a te r p i l la r  G lasgow  p la n t has a fo r m a l channe l f o r  c o m m u n ic a tio n s  
w ith  h o u r ly  b lu e  c o l la r  t ra d e  u n ion s , as s e v e ra l c o m m itte e s  w ith  r e ­
p re s e n ta t iv e s  f r o m  b o th  un ion  and m anagem ent e x is t .  A  J o in t W o rk s  
C o m m itte e  ( J .W .C .  ) d is c u s s  a l l  p o in ts  o f n e g o tia tio n  o f wages and 
c o n d itio n s  w ith  m anagem ent, a J o in t P la n t C o n s u lta tiv e  C o m m itte e  
(J. P . C. C. ) m e e t e v e ry  second w eek to  d is c u s s  s u b je c ts  co n c e rn in g  
s a fe ty  and h e a lth , c a fe te r ia , to i le ts  and any g e n e ra l p o in ts  o f c o m p la in t. 
M anagem ent use th is  c o m m itte e  as a m eans o f a d v is in g  un ions fo r m a l ly  
o f m a rk e t changes w h ic h  a re  a ffe c t in g  the  sa le s  o f th e  p r im e  p ro d u c t 
bu t in fo rm a t io n  on changes in  te ch n o lo g y  e itL e r  p ro c e s s  o r  p ro d u c t, 
a re  a llo w e d  to  f i l t e r  in fo r m a l ly  down th ro u g h  th e  o rg a n is a tio n . 
M anagem ent th ro u g h  e x p e rie n c e  tend  o n ly  to  a n s w e r s p e c if ic  q u e s tio n s  
as g iv e n  w ith o u t b e in g  d ra w n  on s p e c u la tio n  o f p o s s ib le  changes. W hen 
a m a jo r  change has to  be im p le m e n te d ,th e  p ra c t ic e  used a f te r  the  
a fo re m e n tio n e d  in fo rm a l m e th o d ,is  to  ru n  a s p e c ia l m e e tin g  w ith  the  
JP C C  fo llo w e d  a lm o s t im m e d ia te ly  by  a g ro up  m e e tin g  on the  l in e  o r  
a re a  d ir e c t ly  a ffe c te d  by  the  change (o fte n  th is  m e e tin g  is  conducted  by  
the  lo c a l s u p e rv is o r  who has been g ive n  v e ry  c le a r  b r ie f in g s  on the  
consequences o f the  change). S o m e tim es , depend ing  upon th e  e x ten t o f 
th e  change a n o tic e b o a rd  announcem ent is  d is p la y e d  w ith in  h o u rs  o f the  
f i r s t  c o m m u n ic a tio n .
T h is  p ra c t ic e  does not o b v io u s ly  a lw ays  w o rk  w ith o u t som e d eg ree  o f 
d is p le a s u re  a n d /o r  stoppage, b u t i t  has c le a r ly  been show n to  be the  
le s s e r  o f tw o  e v ils ,a s  has happened so o fte n  w ith  v e r y  advanced te c h ­
n ic a l c o m m u n ic a tio n s  w h ic h  th e  a ve rag e  shop f lo o r  em p loye e  n e ith e r  
u nde rs ta n d s  n o r w an ts  to  know  about. E q u a lly  th e  m e m b e rs  o f the  
J P C C ., d e s p ite  th e i r  o ff ic e  in  the  h ie ra rc h y  o f the  tra d e  un ion  w ith in  
the  p la n t a re  no t t ra in e d  to  e f fe c t iv e ly  c o m m u n ic a te  te c h n ic a l m a tte rs  
to  th e ir  m e m b e rs ,e s p e c ia lly  w ith o u t the  a id  o f v is u a ls  used b y  m anage ­
m e n t. In v a r ia b ly  the  c o m m u n ic a tio n  w h ic h  f in a l ly  gets to  th e  shop 
f lo o r  w o rk e r  in fe rs  som e th re a t to  h is  s e c u r ity  and he re s is ts  in  the  
b es t m a n n e r he and h is  fe llo w  w o rk e rs  know  how -to  im p re s s  on m an age ­
m en t th e i r  u n w illin g n e s s  to  p a r t ic ip a te  in  th e  new te c h n o lo g ic a l change, 
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T h re e  b r ie f  case  s tu d ie s  a re  g ive n  to  i l lu s t r a te  the  e x p e rie n c e  a t 
C a te r p i l la r ,  G lasgow  P la n t.
C ase Study No; 3. 7 -  C o m m u n ic a tin g  th e  New P a in t L in e  T e ch n o lo g y .
In  1970 a h ig h ly  advanced p a in t p ro c e s s  was in tro d u c e d  in  the  p la n t, the  
w ho le  s y s te m  had c o s t a lm o s t one m i l l io n  pounds a t th a t t im e . T h is  new 
fa c i l i t y  re p la c e d  an o ld  a n tiq u a te d  p a in t tu n n e l s y s te m  w h e re  the  t r a c to r  
had to  be d r iv e n  in to  the  boo th  and then  pa in te d  fo llo w in g  a p re p a ra t io n  
ru b  dow n and w ash  phase. T h e  new f a c i l i t y  was th e  v e ry  la te s t te c h n o ­
lo g y  f o r  p a in t a p p lic a t io n  and d is p e rs e m e n t o f o v e r s p ra y  b y  s p e c ia lly  
des igned  a i r  f lo w  s y s te m s . T h e  t r a c to r  w ou ld  be p la ce d  on a c a r r ie r ,  
p u lle d  th ro u g h  th e  a re a  b y  a c h a in  co n ve yo r w ith  o p e ra tiv e s  s ta tio n e d  
a t p re d e te rm in e d  p o in ts  to  ru b  down, w ash, p r im e  and f in is h  p a in t, 
f in a l ly  a p p ly in g  t r a n s fe rs .  T he  new f a c i l i t y  was a g a in  a m a jo r  te c h n o ­
lo g ic a l a ch ie ve m e n t f o r  the  p la n t and in  th e ir  e n th u s ia s m  fo r  the  s y s te m  . 
v e r y  c lo s e  c o m m u n ic a tio n s  w e re  h e ld  w ith  th e  p a in te rs  th ro u g h  each 
s tage  o f the  d e ve lo p m en t. W o rk  s ta n d a rd s  d iv is io n  had e s ta b lish e d  
t im e  e le m e n ts  m e a s u re d  f o r  each m an on the  c o n v e y o r and c a lc u la te d  
th a t th e  d a ily  ou tpu t o f p r im e  p ro d u c t cou ld  be c o m p le te d  on one s h if t  
w ith  a g ive n  n u m b e r o f pe op le . T o  a ch ie ve  th is  the  co n ve yo r had to  m ove  
a t an o p tim u m  speed o f 12 inches p e r  m in u te  and th e  u n io n  w e re  a d v ise d  
o f th is  p ro p o s a l w e l l  in  advance. S ubsequen tly  a t th e  in tro d u c t io n  to  the  
s y s te m  the  o p e ra to rs  suggested  th a t the y  w e re  on a le a rn in g  c u rv e  and 
th a t th e  c o n v e y o r shou ld  be ru n  a t 7 -in c h e s  p e r  m in u te , the  l in e  m anage ­
m e n t conceded to  th is  in  th e ir  e f fo r t  to  get th in g s  go ing , o n ly  la t t e r ly  
r e a lis in g  th a t a d d it io n a l m a n p o w e r and o v e r t im e  w e re  n e c e s s a ry  to  get 
the  sam e g ive n  ou tpu t. T h e  p a in t p ro c e s s  has n e v e r ye t re a ch e d  12 
inches p e r m in u te , th e  sam e o p e ra to rs  a re  in  th e  a re a  and d a ily  ou tput 
is  ju s t  ach ie ve d , p ro v id e d  th e re  a re  no h o ld -u p s  p r io r  to  p a in t. T he  
m anagem ent in  th is  in s ta n ce  had been o u tfla n ke d  b y  a too  kno w ledgeab le  
w o rk  g roup .
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C ase S tudy No: 3. 8 -  C o m m u n ic a tin g  T h e  New W e ld  T e ch n o lo g y .
T h e  m u ch  a c c la im e d  m i l i ta n t  B o i le rm a k e rs ' S o c ie ty  (BM S) m e m b e rs  
w e re  in  1972 g ive n  a s h o r t d e m o n s tra tio n  o f a new typ e  im p ro v e d  w e ld  
gun fe d  b y  a (C. O2 ) c a rb o n  d io x id e  gas fu e l s o u rc e  and to ld  b lu n t ly  th a t 
th is  was the  la te s t  te ch n o lo g y  w h ic h  the  C om pany had adopted w o r ld w id e  
fo r  im p ro v e d  w e ld in g  and e n v iro n m e n t. T h e  m a nagem ent, in  cogn isance  
o f the  w e ld e rs ' n o rm a l h a rd  l in e  re s is ta n c e , had h e ld  o ff th is  dem on­
s t ra t io n  to  the  v e ry  la s t  m o m en t, t im in g  i t  such* i t  cam e a fe w  w eeks 
b e fo re  the  a nnu a l p la n t shu tdow n. D u r in g  th e  shu tdow n p iped  su p p lie s  
o f C. O2 gas was in s ta lle d  in  th e  w e ld  a re a , new lig h tw e ig h t w e ld  guns 
w e re  ob ta ine d  and w hen the  p la n t re -o p e n e d  th e  w e ld e rs  w e re  handed  
equ ipm en t and to ld  to  get on w ith  i t .  T h e re  was l i t t l e  c o m m u n ic a tio n  
and a b s o lu te ly  no d is ru p t io n  due to  the  new te ch n o lo g y  o f w e ld in g . T h e  
w e ld e rs  c o n s id e re d  th e y  had ga ined b e tte r  w o rk  c o n d itio n s  and the  
m anagem ent had ga ined  im p ro v e d  w e ld in g , re d u ce d  co s ts  and h ig h e r  
ou tpu t. Im p o r ta n t ly  the  w e ld e rs  had no t been g ive n  t im e  to  po n d e r a l l  
the  p o s s ib le  p ro b le m s  th a t w ou ld  com e about a f te r  g e tt in g  th e  equ ip m e n t.
C ase S tudy No: 3 . 9 -  C o m m u n ic a tio n s , T h e  E n g in e  L in e  Change.
A t the  o u tse t C a te r p i l la r  G lasgow  p la n t m a n u fa c tu re d  a l l  d ie s e l engines 
f o r  the  b u lld o z e rs  a sse m b le d  a t th is  p la n t; in  1969 th e  ra t io n a lis a t io n  
p ro g ra m m e s  re s u lte d  in  the  eng ines fo r  th e  s m a lle r  ra n ge  o f t r a c to r s  
b e in g  t r a n s fe r re d  to  th e  new C a te r p i l la r  p la n t in  B e lg iu m  w h e re  th is  
s iz e  engine w o u ld  be used e x te n s iv e ly  fo r  a n o th e r ra n ge  o f p ro d u c t b e in g  
m ade a t th is  new fa c i l i t y .  W hen th e  d e c is io n  was m ade to  re m o v e  th is  
engine f r o m  G lasgow , no fo r m a l c o m m u n ic a tio n  was m ade to  th e  tra d e  
un ion  u n t i l  i t  was n e c e s s a ry  to  re d uce  in v e n to r ie s  o f ra w  m a te r ia l,a t  
w h ich  t im e  th e  m e m b e rs  o f w e e k ly  un ions w ou ld  b e g in  to  hand le  the 
p a p e rw o rk  to  c o n tro l the  phase out o f the engine, and th e re fo re  one 
un ion  w ou ld  e v e n tu a lly  in fo r m a l ly  a d v ise  th e  o th e r  un io n  o f the  f o r th ­
c o m in g  change. M anagem ent then  fo r m a lly  a d v is e d  the  h o u r ly  un ions, 
and in  a g roup , the  a c tu a l engine a s s e m b le rs  on the  a s s e m b ly  lin e . 
T h e re  was som e  c o n c e rn  v o ic e d  by  s e v e ra l h o u r ly  em p lo ye es  b u t no 
d is ru p t io n  o c c u r re d  and a v e ry  few  w eeks la te r  th e  engine w as phased 
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out, w ith  m in im u m  c o m m u n ic a tio n  b e in g  m ade. B y  c o n tra s t the  new 
engine f o r  th e  1981 m o d e l has a ls o  to  be m a n u fa c tu re d  o u ts id e  the 
G lasgow  fa c i l i t y ;  i t  w i l l  be m ade in  A m e r ic a  and sh ipped  as a c o m ­
p le te  u n it to  G lasgow . T h is  m ean t the  p has in g  out o f a l l  eng ine  p r o ­
d u c tio n  a t G lasgow , as th e  c u r re n t  m o d e l w i l l  be re p la c e d  and w i l l  . 
becom e  o b so le te . T h e  d e c is io n  to  im p o r t  th e  new eng ine  is  a g a in  one 
o f u n it co s t e co n o m ics , as th e  A m e r ic a n  p la n t m a k in g  eng ines is  p ro ­
d u c in g  v e r y  h ig h  v o lu m e s .
A s  th is  change in  the  engine w as o n ly  one p a r t  o f a v e ry  la rg e  change 
in  bo th  p ro d u c t and p ro c e s s  te ch n o lo g y  a t G lasgow , i t  was c o n s id e re d  
th a t advanced c o m m u n ic a tio n s  in  a v e ry  fo r m a l m a n n e r shou ld  be m ade. 
O n th e  day fo l lo w in g  the  f i r s t  p re s e n ta t io n  to  the  m o s t s e n io r  h o u r ly  
un ion  re p re s e n ta t iv e s , th e re  was a w o rk  stoppage on th e  engine l in e  
(d e s p ite  th e  fa c t th a t a l l  th e  a s s e m b le rs  had been g iv e n  gua ran te es  o f 
new jo b s  w ith o u t lo s s  o f g ra d in g ). T h e  stoppage th e n  le d  to  a 2 -d a y  
s t r ik e ,  a ban on o v e r t im e  and la t te r ly ,  a g e n e ra l w o rk  to  ru le ,  w h ich  
g re a t ly  d is ru p te d  th e  su p p ly  o f eng ines to  th e  e x is t in g  l in e  and a ls o  
s topped m a n a g e m e n t's  p la n  to  in c re a s e  the  s to c k  o f co m p le te d  eng ines, 
to  p e rm it  th e  e a r l ie s t  p o s s ib le  re m o v a l o f the  a s s e m b ly  l in e  to  m ake  
ro o m  fo r  a n o th e r in s ta lla t io n  connected  w ith  th e  new 1981 m o d e l. T h e  
c o m m u n ic a tio n  had been advanced, d e ta ile d  and w e l l  p re s e n te d  bu t i t  
lea d  to  d is ru p t io n , th e  a s s e m b le rs  fe l t  th a t t h e i r  fu tu re  was now in ­
s e c u re  and th e y  re sp ond ed  to  th e  advanced c o m m u n ic a tio n  by  ta k in g  
a d ro p  in  e a rn in g s  now because  o f a co n ce rn  f o r  the  fu tu re .
T h e re  a re  m a n y  e xa m p le s  o f the  fo l ly  o f advanced c o m m u n ic a tio n  to
h o u r ly  p a id  un ions and em p loyees a t G lasgow  P la n t o f C a te rp i l la r .  T h e
ra d ic a l changes to  th e  a fo re m e n tio n e d  n u m e r ic a l c o n tro lle d  m a ch in e
to o ls  p ro v e d  c le a r ly  th a t to o  e a r ly  d is c u s s io n s  p r io r  to  the  a r r iv a l  o f
th e  e q u ip m e n t lea d  to  lo n g  d is c u s s io n s  w ith  un ion s , h o ld -u p s  in  the  shop
and m uch  d is h a rm o n y , ye t w hen the  m anagem ent b ro u g h t in  2 new N .C . ,
tu rn in g  la th e s  w ith o u t any advanced c o m m u n ic a tio n , the  o p e ra tiv e s
a ccep ted  th e  m a n n in g  d e c is io n s  w ith o u t any p ro b le m s . T h e  p re v io u s ly
d is c u s s e d  case o f the  e le c t r ic a l  m a in ten a n ce  e n g in e e rs  w as a n o th e r 
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p r im e  exa m p le  o f advanced c o m m u n ic a tio n s  and in v o lv e m e n t w h ich  
le d  to  m a jo r  in d u s t r ia l  s t r i f e  o v e r an extended p e r io d  o f t im e .
M o s t p r io r  re s e a rc h  on the  concep t o f c o m m u n ic a tin g  new te ch n o lo g y  
p lans  to  em p loyees  advoca te  advanced c o m m u n ic a tio n s  as a p re ­
re q u is ite  fo r  s u c c e s s fu l, in  te rm s  o f fe w e r  p ro b le m s , in t ro d u c t io n  to  
the  o rg a n is a tio n . E xa m p le s  o f th is  th in k in g  as re la te d  to  N. C . , 
m a ch in e s  a re  found  in  B h a tta c h a ry y a , bu t he goes beyond the  concep t 
o f c o m m u n ic a tin g  th e  in te n t io n  o f b r in g in g  in  N. C . , e q u ip m e n t to  th a t 
o f h a v in g  a f u l l  s c a le  ed uca tio n  and t r a in in g  p ro g ra m m e  fo r  a l l  le v e ls  
o f em p loyees  (22). S w ords Is h e rw o o d  and S enker o b s e rv e  in  th e ir  r e ­
s e a rc h  o f b o th  B r i t is h  and G e rm a n  f i r m s  u s in g  N. C . , eq u ipm en t th a t 
som e B r i t i s h  f i r m s  had s e r io u s  d is ru p t io n  re s u lt in g  f r o m  a fa i lu r e  to  
c o n s u lt w o rk e rs  a n d /o r  t ra d e  un ions . In  th e  case o f the  G e rm a n  
f i r m s ,  th e y  in d ic a te d  th a t th is  cou ld  not happen due to  the  le g a l f r a m e ­
w o rk  o f in d u s t r ia l  re la t io n s  (13). E t t l ie  id e n t if ie d  fo re w a rn in g  as 
one o f 26 independen t v a r ia b le s  w h ic h  in flu e n c e d  the  s u c c e s s fu l u t i l i s a ­
t io n  o f N . C . , e q u ip m e n t. He d e fin e d  fo re w a rn in g  as th e  am ount o f 
p r io r  kno w ledge  em p loyees and un ions had o f th e  p u rch a se  and d e liv e ry  
o f the  new N . C . , m a ch in e  to o l. T h is  fa c to r  was m e a s u re d  b y  
in fo rm a t io n  on w hen and w h ic h  peop le  w e re  n o t if ie d , and w h e th e r 
th e y  w e re  n o t if ie d  fa ce  to  fa c e , th ro u g h  w r it te n  c o m m u n ic a tio n  o r  b y  
ru m o u r  (23).
O n th e  o v e ra l l  q u e s tio n  o f te c h n o lo g ic a l change and re s is ta n c e  to  th a t 
change, W oo dw ard  s ta te s , "p e o p le  who say  th a t good c o m m u n ic a tio n  
is  th e  o n ly  re q u is ite  f o r  o v e rc o m in g  re s is ta n c e  to  change, we fe e l 
a re  go ing  to o  fa r .  T h is  does not im p ly  th a t c o m m u n ic a tio n  te c h ­
n iques a re  u n im p o r ta n t, bu t you  can o n ly  c o m m u n ic a te  to  the  in d iv id ­
u a l w ha t the  e n v iro n m e n t co n ta ins  and i f  any changes p ro p o se d  a re  
a g a in s t h is  b e t te r  in te re s t ,  i f ,  f o r  e xam p le , th e y  a re  l ik e ly  to  r e ­
s t r i c t  h im  and in c re a s e  c o n s tra in ts , no m a tte r  how  w e ll  you 
c o m m u n ica te , you a re  o b v io u s ly  not go ing  to  o v e rc o m e  h is  re s is ta n c e . 
I f  an in d iv id u a l is  go ing  to  be w o rs e  o ff e x p l ic i t ly  o r  im p l ic i t ly  in  any 
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w ay w hen th e  p ro po se d  changes have been m ade, any re s is ta n c e  is  
e n t ir e ly  ra t io n a l in  te rm s  o f h is  own b e s t in te re s t .  T h e  in te re s ts  o f 
the  o rg a n is a tio n  and th e  in d iv id u a l do not a lw a ys  c o in c id e . In e v ita b ly , 
you  cannot escape re -o p e n in g  th e  b a rg a in in g  s itu a t io n  w hen you 
in tro d u c e  any k in d  o f te c h n o lo g ic a l change" (26).
F in a l ly  and lo o k in g  to  the  lo n g e r  te rm  on th e  w h o le  q u e s tio n  o f 
c o m m u n ic a tio n  o f new te c h n o lo g y  to  tra d e  un ions , shop f lo o r  w o rk e rs  
and a l l  le v e ls  o f s ta ff ,  i t  w o u ld  a ppea r th a t som e g re a te r  fo rm  of 
t r u s t  and co n fide n ce  is  re q u ire d , a lm o s t d e s p e ra te ly  in  th e  B r i t is h  
scene. T h is  t r u s t  and co n fid e n ce  m u s t be show n b y  b o th  s id e s , th a t 
is  m a n a g e rs  and u n io n s , not o n ly  a t n a tio n a l le v e l b u t m o re  im p o r t ­
a n t ly  and e f fe c t iv e ly  a t p la n t shop f lo o r  le v e l.  M anagem ent f o r  th e ir  
p a r t  m u s t co n tinu e  to  seek im p ro v e m e n ts  in  co s ts  and q u a li ty  b y  the  
a c q u is it io n  o f m o re  advanced te ch n o lo g y , b u t th e y  m u s t be e q u a lly  
w i l l in g  to  d e m o n s tra te  the  b e n e fits  o f th a t im p ro v e d  te ch n o lo g y  w ith  
th e  em p loyees a t a l l  le v e ls  in  th e  p la n t, w h ile  at th e  sam e t im e  
ex te n d in g  g uara n te e s  o f s e c u r ity  o f con tinue d  e m p lo ym e n t f o r  s p e c if ic  
p e r io d s  o f t im e  ( in  th a t i f  red un d a ncy  com es to  a p la n t i t  m u s t not be 
as a re s u lt  o f the  new te c h n o lo g y 's  im p a c t on the  p la n t) . S im i la r ly  
tra d e  un ions fo r  t h e i r  p a r t  and e s p e c ia lly  a t shop f lo o r  le v e l,  m u s t 
g ive  g ua ran tee s  o f no s t r ik e ,  no stoppages and no d is ru p t io n  due to  
th e  in t ro d u c t io n  o f new te ch n o lo g y .
T h e  above p ro p o s a l w i l l  not be easy to  im p le m e n t n o r  c o n tro l b u t, i f  
th e  s u r v iv a l  o f th e  in d iv id u a l p la n t and the  m a n u fa c tu r in g  in d u s try  a t 
la rg e  is  in  q u e s tio n , because  o f the  s to p /g o  p e r fo rm a n c e  o f a 
m u lt itu d e  o f in d iv id u a l co n ce rn s  in  B r i ta in  w ith  the  in tro d u c t io n  o f 
new te ch n o lo g y , th en  som e fo rm u la e  has to  be found . I t  is  hoped th a t 
th is  s e c tio n  o f th e  re s e a rc h  has s e rv e d  to  p re p a re  th e  w ay  fo r  th a t 
fo rm u la e .
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3.11 - THE INFLUENCE OF NEW TECHNOLOGY ON GLASGOW
PLANT.
New te ch n o lo g y  and in  p a r t ic u la r  N .C . equ ip m en t has had som e e ffe c t on 
th e  w ho le  o rg a n is a tio n  o f th e  m a n u fa c tu r in g  f a c i l i t y  a t G lasgow  P la n t. 
H ow  m uch  o f th is  e ffe c t has caused th e  p r o f i t  m a rg in s  and r e tu r n  on 
a sse ts  to  im p ro v e  c o n t in u a lly  o v e r th e  la s t  te n  y e a r  p e r io d  w o u ld  be 
e x tre m e ly  d i f f ic u l t  to  is o la te . T he  N. C. eq u ip m e n t f o r  e xam p le , was 
not a c q u ire d  in  one p e r io d  b u t w as sp re a d  o v e r a 1 2 -y e a r  span thus  
h a v in g  an e v o lu t io n a ry  r a th e r  th a n  a re v o lu t io n a ry  im p a c t on th e  
m a ch in e  shop o f the  G lasgow  P la n t .
N o tw ith s ta n d in g  th e  12-y e a r  span o f m o v in g  f r o m  2 N. C . m a ch in e  to o ls  
in  1966 to  26 N , C, m a ch in e  to o ls  in  1978, i t  is  e s tim a te d  th a t 104 co n ­
v e n tio n a l m a ch in e  to o ls  and th e ir  o p e ra to rs  w e re  d is p la c e d  due to  th is  
new te c h n o lo g y  in  th a t t im e . O b v io u s ly  had the  p la n t a tte m p te d  to  m ake  
th is  change o v e r a s h o r te r  p e rio d , the  im p a c t w o u ld  have been q u ite  
c o n s id e ra b le  on m an y  aspec ts  o f th e  p la n t ’ s o p e ra tio n s . H o w e ve r th e  
c u r re n t  te ch n o lo g y  was no t a v a ila b le  n o r  was the  p la n t a p p a re n tly  re a d y  
to  ab so rb  i t  in to  i t s  o rg a n is a tio n ,s o  the  s itu a t io n  d id  not com e about. I t  
is  p lanned  to  a lm o s t doub le  th e  n u m b e r o f N. C . m a ch in e  to o ls  b y  1982, 
bu t i t  is  c o n s id e re d  th a t th e  im p a c t o f th is  in v e s tm e n t w i l l  no t be as 
s u b s ta n tia l as f o r  the  f i r s t  g ro u p ,m a in ly  due to  th e  now e s ta b lis h e d  
e xp e rie n ce  and o rg a n is a tio n  s t ru c tu re  changes, fo r m a l and in fo rm a l,  
w h ich  have been n e c e s s a ry  to  m e e t the  needs o f th e  c u r re n t  N, C ., 
fa m i ly  o f m a c h in e  to o ls .
T he  p e rc e n ta g e  o f n u m e r ic a l c o n tro lle d  m a ch in e  to o ls  to  co n v e n tio n a l 
m a ch in e  to o ls  as o f 1978 a t G lasgow  p la n t is  6. 3 p e rc e n t. T a b le  No:
3.6 shows th e  to ta l  N .C , typ es  o f m a ch in e  to o ls  w ith  th e  date o f in s ta l la ­
t io n . T h e  to ta l m a ch in e  to o l p o p u la tio n  in  G lasgow  P la n t as of D e ce m b e r 
1977 is  g ive n  in  T a b le  No: 3 .7 , T o  d e te rm in e  i f  th e re  was any e ffe c t 
on re s u lts  o f o p e ra tio n s  re la te d  to  th e  date o f in s ta l l in g  th e  N. C, e q u ip ­
m en t, the  fo llo w in g  s ta t is t ic s  w e re  deve loped  -
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TABLE No:3.6
T o ta l L is t  o f N u m e r ic a l ly  C o n tro lle d  (N .C . ) M a ch in e  T o o ls  w ith  
E le c t r o n ic  C o n tro l S ys tem s Id e n tif ie d .
T ype
C in c in a t t i  (2 ) 
C in c in a t t l  ( 2)
F u n c tio n  
Tape D r i l l
T ape  D r i l l
K e a rn e y  & T r e c k e r
(4) M a c h in in g  C e n tre
C in c in a t t i  (4) T ape  D r i l l s
K e a rn e y  & T r e c k e r
(1) M a c h in in g  C e n tre
W a rn e r  Sw asey (4) T u rn in g  L a th e s
C o n tro l
G e n e ra l 
E le c t r ic  2000
G e n e ra l 
E le c t r ic  2000
S quare D  
R apac
C in c in a t t i
2 2 0 /230
G e n e ra l 
E le c t r ic  2500
D ate  o f 
In s ta l la t io n
1966
1967
1968
1970
1970
G e n e ra l 1970
E le c t r ic  2500
K e a rn e y  & T r e c k e r  
(2)
C o m p u te r
M a c h in in g  C e n tre s  N u m e r ic a l
C o n tro l
1974
C in c in a t t i  (3) S p e c ia l B o re rs
W a rn e r  Sw azey (2) T u rn in g  L a th e s
C in c in a t t i  (1) 
A l le n  B ra d le y  (1)
Tape D r i l l s  
T u rn in g  C e n tre
C in c in a t t i  A .  S. 1975
G e n e ra l 1978
E le c t r ic  550
C in c in a t t i  A lO  1978
P ro g ra m  L o g ic  1978 
C o n tro l
( ) = T o ta l N u m b e r o f M a ch in e s  in  G roup .
N o te ;
The above to ta l o f 2 6 N .C .  m a ch in e  to o ls  w i l l  be in c re a s e d  by 
a fu r th e r  23 N .C .  m a ch in e  to o ls  by the  end o f 1981.
The 1977 s ta tu s  o f a l l  m a ch in e  to o ls  in  the  G lasgow  P la n t Is  ' 
co n tin u e d  on th e  fo llo w in g  page.
N .C . is  d e fin e d  as N u m e r ic a l C o n tro l.
C. N. C. is  d e fin e d  as C o m p u te r N u m e r ic a l C o n tro l.
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TABLE No: ,3. 7
M A C H IN E  T O O L  P O P U L A T IO N
M e ta l C u ttin g  M a ch in e  T o o ls  in  G lasgow  P la n t 28 -12 -7 7  
e x c lu d in g  In d ir e c t  M a ch in e s .
O p e ra to r  
E m p lo ye e s :
^  N O T E ; M a n y  m a ch in e  to o ls  a re  doub le  s h ifte d .
B a la n ce  o f m a ch in e  to o ls  is  360 in d ir e c t  
m a ch in e s , m a k in g  a g ra nd  to ta l o f 764.
M a ch in e
T o o ls :
•
N .C .  M a c h in in g  C .en tres, N .D i d r i l l s  
and N . C . la th e s 46 24
B o re rs 51 44
D r i l l in g  M a c h in e s 134 124
G e a r C u tte rs 29 29
G r in d in g  M a ch in e s  (e x c lu d in g  a b ra s iv e  
m a c h in e s  and h on in g  m a ch in e s ) 48 46
B ro a c h e s  * 16 14
L a th e s 86 71
M i l l in g  M a ch in e s Ë È 88
463 410
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Table No: 3.8
No:
o f N . C. E m p 'm e n t Change R e tu rn Change
m /c s A c c u m . D ire c t p lu s  o r on p lu s  o r
Y e a r A dded T o ta l H o u r ly m in u s A s s e ts m in u s
1965 843 £ 2. 76
1966 2 978 3 .4 5
1967 2 (4) 1027 +49 7. 74 + 4 .2 9
1968 4 (8) 1001 -2 6 13. 56 +5. 82
1969 1009 1 0 .7 9
1970 9 (17) 1029 10. 34
1971 855 -174 12. 09 + 1 .75
1972 794 11. 83
1973 984 18. 19
1974 2 (19) 979 16. 69 '
1975 3 (22) 990 +11 29. 22 +12. 53
1976 945 -45 30. 03 +0. 81
1977 958 5 2 .7 5
1978 4 (26) 960 38. 14
T a b le  No: 3.8 show s th a t th e  y e a r  fo llo w in g  the  in s ta lla t io n  o f N. C.
m a ch in e  to o ls  re s u lte d  in  a change in  h o u r ly  d ir e c t  em p lo ye e s , (The h o u r ­
l y  d ir e c t  in c lu d e  b o th  m a ch in e  shop and a s s e m b ly , th e re fo re  in c re a s e s  
and d e c rea se s  co u ld  have re s u lte d  f r o m  changes in  m o d e l b u ild ,a s  fo r  
e x a m p le ,th e  re d u n d a n cy  in  1971 and 1972 re s u lte d  in  a s u b s ta n tia l d ro p  
in  e m p lo ye e  n u m b e rs  m o s t ly  re la te d  to  a s s e m b ly ). H o w e v e r i t  is  
ev id e n t th a t th e re  has been a s te a d y  d ro p  in  h o u r ly  d ir e c t  em p loyees w ith  
the  g ra d u a l a c c u m u la tio n  o f n u m e r ic a l c o n tro lle d  m a ch in e  to o ls . T h e  
re tu rn  on asse ts  show n in  the  y e a r  fo l lo w in g  th e  in s ta lla t io n  o f N, C. 
eq u ipm en t show s a g re a te r  change th a n  in  o th e r  y e a rs  ,w ith  th e  e xce p tio n  
o f 1972 /19 73 . T h is  e x ce p tio n  is  e xp la ine d  as b e in g  a c o m b in a tio n  o f 
re duced  la b o u r  co s ts  w ith  th e  a fo re m e n tio n e d  re d un d a n c ie s , coup led  w ith  
an in c re a s e  in  sa le s  v o lu m e  th a t y e a r .
T h ese  re s u lts  suggest th a t th e re  has been som e p o s it iv e  c o r re la t io n  
be tw een the  in s ta lla t io n  and use o f the  N. C. te ch n o lo g y  and s h if ts  in  
e m p lo ym e n t to g e th e r  w ith  an im p ro v e m e n t in  r e tu r n  on a sse ts  o v e r  the  
12 y e a rs  span o f a c c u m u la tin g  N. C. m a ch in e  to o ls .  T h e  im p o r ta n t 
im p lic a t io n s  h e re  a re  th a t as C a te r p i l la r  G lasgow  p la n t in te n d  to  doub le  
the  n u m b e r o f N . C, m a ch in e  to o ls  by  1982, then  th e  p o s it iv e  c o r re la t io n
! -----  -156-
to  p r o f i t  and re tu rn  on in v e s tm e n t shou ld  co n tin u e , a l l  o th e r  fa c to rs  
b e in g  equa l, th a t is ,  m a rk e t and sa le s . D is c o u n tin g  the  fa c t th a t 
th e se  new N. C . , m a ch in e s  w i l l  cause th e  d is p la c e m e n t o f a n u m b e r 
o f c o n v e n tio n a l m a ch in e  to o ls , th is  w i l l  m ake  the  r a t io  o f N. C . , to  
c o n v e n tio n a l m a ch in e  to o ls  a t G lasgow  s o m e th in g  in  th e  o rd e r  o f 12 
to  15 p e rc e n t, p e rha p s  h ig h e r . T h is  p e rce n ta g e  w o u ld  p u t the  G la s ­
gow P la n t, a c c o rd in g  to  th e  f in d in g s  o f B h a tta c h a ry y a , in  one o f the  
h ig h e s t r a t io  ra n k in g s  o f f i r m s  u s in g  N. C . , e q u ip m e n t in  B r i ta in .  
B h a tta c h a ry y a  h o w e ve r s ta te s  in  one o f h is  co n c lu s io n s  o f B r i t is h  
u s e rs  th a t " i t  is  u n lik e ly  th a t co m p le x  s ys te m s  w i l l  p e n e tra te  any 
fu r th e r  to  a s u b s ta n tia l ex te n t because  m o s t f i r m s  do not p ro c e s s  
h ig h ly  c o m p le x  com ponen ts , o r  have the  fin a n c e  to  in v e s t o r  have the  
c a p a b ili ty  f r o m  th e  p o in t o f v ie w  o f tra in e d  p e rs o n n e l to  e x p lo it  c o m ­
p le x  s y s te m s "  (22). C e r ta in ly  th e se  fa c to rs  a re  a l l  a p p lic a b le  to  th e  
C a te r p i l la r  P la n t a t G lasgow , a lthough  the  fin a n c e  w i l l  be a v a ila b le  
i f  RO I can be ju s t i f ie d .  T h e  q u e s tio n  o f t ra in e d  p e rs o n n e l w i l l  aga in  
be a ch a lle n g e  w h ic h  w i l l  be m e t p ro b a b ly  in  an e v o lu t io n a ry  p ro c e s s  
o v e r the  y e a rs  as th e  eq u ipm en t is  a c q u ire d .
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3.12  - OBSERVED EFFECTS OF 3MEW TECHNOLOGY.
T h e  o b je c tiv e  o f c h a p te r 3 w as to  re p o r t  the  f in d in g s  o f a p ilo t  s tu d y  
m ade on a s in g le  m a n u fa c tu r in g  p la n t. T h e  p u rp o se  o f th is  f in a l  s e c tio n  
to  th is  c h a p te r is  to  d ra w  to g e th e r  these  fin d in g s  as th e y  re la te  to  the  
6 fa c to rs  o f th e  e n te rp r is e  n a m e ly , o rg a n is a tio n  s t ru c tu re ,  m anage ­
m e n t, s tra te g ie s , m a ch in e  shop e n v iro n m e n t, c o n tro l s y s te m s  and 
peop le , and to  g a in  fu r th e r  in fo rm a t io n  to  s u p p o rt th e  c e n tra l a rg u ­
m e n t o f th is  re s e a rc h  th a t new te ch n o lo g y  is  h a v in g  an im p a c t on the se  
fa c to rs .  T h e  fa c to rs  a re  d is p la y e d  in  T a b le  N o; 3, 9 and a re  b r ie f ly  
d is c u s s e d  as fo l lo w s : -
O rg a n is a tio n  S tru c tu re .
S e c tion  3, 8 o f th is  c h a p te r d iscu sse d  th e  e ffe c t o f th e  n u m e r ic a l con ­
t r o l  m a ch in e  to o l te ch n o lo g y  on th e  s tru c tu re  o f th e  o rg a n is a tio n . I t  
was show n th a t th e  m a n u fa c tu r in g  h ie ra rc h y  was u n d e r such p re s s u re  
due to  new te c h n o lo g ie s  th a t a s p l i t  was n e c e s s a ry  so th a t a new d e p a r t­
m en t was c re a te d  to  be co n ce rn e d  a lm o s t e n t i r e ly  w ith  new te ch n o ­
lo g ie s . T h e  c u r re n t  and p ro po se d  s tru c tu re s  a re  show n in  F ig u re  N o: 
3.3 page 137. E s s e n t ia l ly  th e  p re s s u re  to  change w as id e n t if ie d  as a 
v e r t ic a l  e ffe c t, in  th a t i t  co u ld  not be re s o lv e d  w ith  m e re ly  the  w id e n ­
in g  o f th e  span o f c o n tro l o f th e  s e n io r  m a n a g e r. T h e  n e c e s s ity  to  
a s s ig n  job  d u tie s  and r e s p o n s ib il i t ie s  to  in d iv id u a ls  p o sse ss in g  a h ig h  
le v e l o f te c h n ic a l kn ow ledge  was c le a r ly  e v id e n t. F u n c tio n a l l in e s  o f 
a u th o r ity  had a lre a d y  been e s ta b lis h e d  in fo r m a l ly  be tw een  th e  p la n n in g  
g ro up  and th e  N. C . , u s e rs  a t th e  m a ch in e  to o l o p e ra tin g  le v e l bu t 
d ir e c t  le v e ls  o f a u th o r ity  re m a in e d  unchanged, in  th a t th e  N. C . , m a ­
ch in e  to o l o p e ra to r  is  s u p e rv is e d  b y  a p ro d u c tio n  s u p e rv is o r  and not 
b y  the  m o n th ly  p a id  s ta f f  e n g in e e r who c o n tro ls  the  o p e ra tio n  o f the  
m a ch in e  to o l.
M an ag e m e n t.
T o p  m anagem ent in i t ia l ly  d id  not g ive  f u l l  s u p p o rt to  th e  in v e s tm e n t 
o f th e  new  N . C . , te c h n o lo g y  m a in ly  due to  th e i r  c o n c e rn  f o r  o b ta in ­
in g  a re tu rn  on in v e s tm e n t. L a t te r ly  and w ith  in c re a s in g  p r o f i t
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m a rg in s  as show n in  T a b le  N o:3 . 3 page 107, th e to p  m anagem ent g ro up  
changed to  a f u l l  s u p p o rt in g  p o lic y . M id d le  m anagem ent w e re  o b se rve d  
to  r e s is t  th e  new e qu ip m e n t f o r  2 m a in  re a so n s , f i r s t l y  a co n c e rn  f o r  
th e  r e l ia b i l i t y  o f th e  co m p le x  c o n tro ls , and se co n d ly , as the  new e q u ip ­
m en t b ro u g h t p ro b le m s  f ro m  the  shop f lo o r  un ion  g ro up , th e re  was 
th e re fo re  an in i t ia l  re lu c ta n c e  to  acce p t re s p o n s ib il i t ie s  f o r  th e  eq u ip ­
m e n t b y  the  m id d le  m anagem ent g ro up . T h is  re s is ta n c e  tended  to  
m o d e ra te  as th e  N. C , , e q u ipm en t becam e m o re  r e l ia b le  and the  e a r ly  
t ra d e  un io n  d isp u te s  d isa p p e a re d . E v id e n ce  in  th e  te x t  (see s e c tio n  
3, 8 and C ham p ions  fo r  T e c h n o lo g ic a l D e ve lo p m e n t, page 138), showed 
th a t m uch  in n o v a tio n  f o r  new te ch n o lo g y  tended  to  em anate  f ro m  
m id d le  m an agem ent ra n k s .
S tra te g ie s .
A lth o u g h  C a te r p i l la r  T r a c to r  C om pany have o p e ra te d  a s t r ic t  m anage ­
m e n t b y  o b je c tiv e s  p o lic y  fo r  a n u m b e r o f y e a rs , th e re  w e re  s e v e ra l 
o b se rve d  e ffe c ts  on these  o b je c tiv e s  in d ir e c t ly  re la te d  to  the  in t ro d u c t­
io n  o f th e  new N . C .te ch n o lo g y . I t  was show n th a t th e  ke y  o b je c tiv e s  
such  as r e tu r n  on in v e s te d  c a p ita l im p ro v e d  in  c o n ju n c tio n  w ith  p r o f i t  
and s a le s . Indeed  a l l  o f th e  m e a su re s  show n in  s e c tio n  3. 4 o f th is  chap­
t e r  in d ic a te d  a p o s it iv e  d ire c t io n  w ith  the  in t ro d u c t io n  o f N . C . , e q u ip ­
m e n t. A t  th e  o u tse t o f th e  new N. C . , m a ch in e  to o ls , no lo n g  te rm  p la ns  
w e re  in  ev ide nce , i t  appea red  to  be a q u e s tio n  o f t r i a l  and e r r o r  w ith  
m a n y  d if fe re n t  typ e s  o f m a ch in e  to o ls  and c o n tro l s y s te m s . C u r re n t ly  
a m o re  p o s it iv e  a p p ro a ch  is  u n d e rw a y  bu t the  lo n g  te r m  p lans  a re  m o re  
re la te d  to  th e  p ro d u c t th a n  the  p ro c e s s , w h ic h  m a y  s t i l l  be a w eakness 
in  th e  o v e ra l l  s y s te m  i f  m a x im u m  e ffe c tiv e n e s s  is  th e  m a jo r  s tra te g y . 
E d u c a tio n  and t r a in in g  p o lic ie s  a p pea r to  have m oved  f r o m  a z e ro  base, 
to  a n a s  re q u ire d  a p p ro a ch , and thus appear to  be h a ph a za rd . I t  was 
noted in  the  te x t ,s e c t io n  3. 6 th a t a s p e c ia l te a m  had been c re a te d  w ith in  
th e  p la n n in g  d iv is io n  to  be s o le ly  co n ce rne d  w ith  N. C. te ch n o lo g y .
M a ch in e  Shop E n v iro n m e n t.
In  th is  re s e a rc h  e n v iro n m e n t is  co n ce rn e d  w ith  th e  p h y s ic a l n a tu re  o f 
th e  new te ch n o lo g y  and i ts  im p a c t on th e  m a ch in e  shop la y o u t. A s  was 
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show n in  th e  te x t  and w ith  re fe re n c e  to  T a b le  No: 3 .6 , th e re  was a 
s te a d y  g ro w th  o f N, C, m a ch in e  to o l equ ipm e n t f r o m  1966 onw ards  bu t 
the  s e le c t io n  o f th e  e a r ly  m o d e ls  as p re v io u s ly  m e n tio n e d  tended to  be 
hap h a za rd . Indeed  th e  s t r i c t  d is c ip lin e  fo r  m a ch in e  to o l c a p a b ility  
checks d id  no t e x is t at th e  b e g in n in g  and th is  re s u lte d  in  p ro b le m s  
co n ce rn e d  w ith  s p e c if ic a t io n s  o f com ponent p a r ts .  T h e  d e c is io n s  
c o n c e rn in g  lo c a t io n  o f N. C. equ ip m en t aga in  in i t ia l l y  was h a phaza rd . 
T h e re  w as no though t g ive n  to  g ro u p  te ch n o lo g y , w o rk  f lo w  lin e s  o r  
som e lo g ic a l in te g ra t io n  w ith  co n ve n tio n a l m a ch in e  to o ls . T h e  f i r s t  
N. C. m a ch in e  to o ls  w e re  s u rro u n d e d  by w ir e  fences  and lo c k a b le  
d o o rs  to  p re v e n t peop le  in te r fe r in g  w ith  the  c o m p le x  c o n tro ls . 
R e g re tta b ly  th is  p o lic y  a ls o  re s u lte d  in  d isadvan ta ges  w ith  th e  m o v e ­
m e n t o f m a te r ia l  and o th e r fa c to rs .  C u rre n t p o lic y  is  m o v in g  to w a rd s  
a g ro up  te ch n o lo g y  concep t w ith  fa m il ie s  o f N . C . , m a ch in e  to o ls  and 
co n v e n tio n a l m a ch in e  to o ls  p e r fo rm in g  c o m p le te  p ro d u c tio n  a l l  o p e ra ­
t io n  ru n s . T h e  p o lic y  fo r  m a in ten a n ce  was d is c u s s e d  at le n g th  in  the  
te x t  in  s e c tio n  3. 6 page 119 ,, and i t  was show n th a t a p o lic y  o f in -  
house m a in te n a n ce  w as adopted  f r o m  the  b e g in n in g  to  cope w ith  the  
needs o f th e  new te c h n o lo g y .
C o n tro l S ys te m s.
S ec tion  3. 4 o f th is  c h a p te r d iscu sse d  a t le n g th  th e  c o n tro l s y s te m  
o p e ra tin g  a t G lasgow  P la n t .  T h e  c o n tr ib u t io n  b y  th e  new te ch n o lo g y  
o f N. C . , m a ch in e  to o ls  w as c lo s e ly  m o n ito re d  and as was p re v io u s ly  
conc luded , s e rv e d  to  p ro v id e  an in c re a s e d  p e r fo rm a n c e . T h e  
d e ta ile d  s y s te m  fo r  a n a ly s in g  th e  a c tu a l r e tu rn  on in v e s tm e n t was 
d iscu sse d  in  s e c tio n  3. 9, and m a n y  re a so n s  w e re  d iscu sse d  c o n c e rn ­
in g  w hy RO I is  not a ch ie ve d  b y  f i r m s ,  b u t in  th e  C a te r p i l la r  case 
s tu d y , i t  w as o b se rve d  th a t o p e ra to r  u t i l is a t io n  was a m a jo r  m is ­
c a lc u la tio n  and re s u lte d  in  the  e x te n s io n  o f t im e  p e r io d s  u n t i l  the  
r e tu rn  in v e s tm e n t was ach ie ve d . T h e  w ho le  success  o f the  new te c h ­
n o lo g y  and th e re fo re  i ts  e ffe c t on the  e n te rp r is e  is  s t ro n g ly  c o r r e la t ­
ed to  the  e f f ic ie n c y  a ch ieved  at the  p o in t o f usage.
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P e o p le
C h a p te r 3 show ed th a t m a n y  peop le  a t v a r io u s  le v e ls  in  the  s t ru c tu re  
had been a ffe c te d  b y  the  new N. C. , m a ch in e  to o ls . Some em p loyees 
as w as show n in  s e c tio n  3. 5, w e re  a ffe c te d  a lm o s t s u r r e p t i t io u s ly  b y  
s h if ts  in  e m p lo y m e n t. In  th a t N . C. , eq u ip m en t w as in tro d u c e d  som e 
o p e ra to rs  w e re  t r a n s fe r re d  w ith o u t lo s s  o f g ra de  to  o th e r  co n v e n tio n a l 
m a ch in e  to o ls  and w hen o th e r em p loyees le f t  th e  f i r m  b y  re t ire m e n t  
o r  o th e r  re a s o n s , th en  th e y  w e re  not re p la c e d  b y  n e w ly  h ire d  e m p lo y ­
ees. H o w e v e r T a b le  No; 3. 5 shows th a t s in ce  th e  in t ro d u c t io n  o f N. C . , 
eq u ipm en t and d is c o u n tin g  th e  y e a rs  o f red un d a ncy , h o u r ly  b lu e  
c o l la r  em p loyees  have in c re a s e d  w h ile  w e e k ly  and m o n th ly  g ro ups  
have d e c re a se d  in  n u m b e rs . On the  e ffe c t o f new te ch n o lo g y  on s k i l l ,  
no o b se rve d  change was no ted  fo r  o p e ra to r  le v e l e m p loyee s , i f  a n y ­
th in g  th e re  w as som e in d ic a t io n  o f in c re a s e d  s k i l l .  T h e  m a in te n a n ce  
g ro u p  d id  c e r ta in ly  g a in  new and h ig h e r  s k i l l  le v e ls  w ith  the  in t r o ­
d u c tio n  o f th e  new e q u ip m e n t, so e q u a lly  d id  som e o f the  w e e k ly  and 
m o n th ly  s ta f f  e n g in e e rs , who w e re  in v o lv e d  in  p ro g ra m m in g  and 
s y s te m s  fo r  th is  e qu ipm en t. One g ro u p , as re p o r te d  in  th e  te x t ,  who 
appea red  to  lo s e , w as the  f i r s t  l in e  s u p e rv is o r  w hose  s k i l l  and kn o w ­
ledge  in  s c h e d u lin g  and m a c h in in g  te ch n iq u e s  ap p e a r to  d im in is h  w ith  
the  in c re a s e  o f N. C . , te ch n o lo g y .
A b s o lu te ly  no re s is ta n c e  was o b se rve d  f r o m  th e  h o u r ly  o r  w e e k ly  
p a y ro l l  em p loyees  on th e  p ro p o s a l to  in tro d u c e  new  N . C . , m a ch in e  
to o ls . T h is  is  no t to  say th a t th e re  w e re  no p ro b le m s , f o r  as 
W oodw a rd  s ta te d , "y o u  cannot escape re -o p e n in g  th e  b a rg a in in g  
s itu a t io n  w hen you in tro d u c e  any k in d  o f te c h n o lo g ic a l change". (26),
T h e  e ffe c t o f the  new N. C . , equ ipm en t on the  o v e ra l l  job  s a t is fa c t io n  
o f the  u s e rs  was no t te s te d  in  d e ta il,  bu t o b s e rv a tio n s  show ed no re a l  
ev idence  o f d is s a t is fa c t io n  such as a b se n te e ism , in c re a s e d  la b o u r  
tu rn o v e r  and th e  l ik e .  T h e  new equ ipm en t d id  have
an o b se rve d  e ffe c t on m a n n in g  p o lic ie s  on m a ch in e  to o ls , p a ym en t 
s t ru c tu re s  and th e  s ta tu s  o f the  equ ipm e n t o p e ra to r .  A l l  o f th ese
s u b je c ts  w e re  d is cu sse d  b y  case s tu d y  in  th is  ch a p te r.
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-C unau la tive  Change. 
D - N i l  o r  N ot O b se rve d ,
CONNECTING SUMMARY
o C h a p te r 3 opened the  m a in  a rg u m e n t o f th is  re s e a rc h  p ro je c t  b y  
ta k in g  the  s tu d y  d ir e c t ly  in to  th e  s in g le  m a n u fa c tu r in g  p la n t o f 
C a te r p i l la r  T r a c to r  C om pany a t G lasgow . A s  a b a ckg ro u n d  to  
the  s tra te g y  used to  e s ta b lis h  the  G lasgow  P la n t,  a b r ie f  h is to r y  
was g ive n  d e ta il in g  th e  v a r io u s  e a r ly  p ro b le m s  w ith  th is  sub ­
s id ia r y  o f an A m e r ic a n  m u lt in a t io n a l re la te d  to  p la n n in g  the  
e s ta b lis h m e n t, t r a n s fe r r in g  te ch n o lo g y  and in  p a r t ic u la r ,  p r o ­
b le m s  w ith  peop le . A s  the  m a n u fa c tu r in g  te c h n o lo g y  o f n u m e r i­
c a l c o n tro lle d  (N. C. ) m a ch in e  to o ls  w as the  tu rn in g  p o in t fo r  
te c h n o lo g ic a l change at G lasgow , th is  N. C. , te c h n o lo g y  was the  
ca u s a l e ffe c t th a t le d  the  com pany to w a rd s  advanced m e a s u r in g  
m a ch in e s . I t  w as judged  im p o r ta n t to  the  p a tte rn  o f the  re s e a rc h  
th a t th e  N. C . , m a ch in e  to o l te ch n o lo g y  as i t  re la te d  to  the  
G lasgow  fa c i l i t y ,  be s tu d ie d  p r im a r i ly .  T h e  re s u lta n t e ffe c ts  o f 
N. C , , te c h n o lo g y  w e re  th e re fo re  d iscu sse d , and in  p a r t ic u la r ,  
how  th is  w as to  have an im p a c t on o rg a n is a tio n  s tru c tu re s ,  
m anagem ent p ro d u c tio n  s y s te m s , the  d e c is io n -m a k in g  p ro c e s s , 
and peop le  a t a l l  le v e ls  in  the  C a te r p i l la r  p la n t a t G lasgow . 
S p e c if ic  c o n c lu s io n s  w e re  e s ta b lis h e d  f o r  th is  f i r s t  p a r t  o f the  
s tu d y  o f th e  s in g le  m a n u fa c tu r in g  p la n t and th e  consequences o f 
new te c h n o lo g ie s . T h e se  c o n c lu s io n s  w e re  o u tlin e d  in  the  te x t o f 
c h a p te r 3 so th a t th e y  can be la te r  c o r re la te d  w ith  the  re s u lts  
o b ta in ed  f r o m  th e  fo r th c o m in g  a n a ly s is .
o T h e  o b je c tiv e  o f c h a p te r 4 is  to  re s e a rc h  the  im p a c t o f m e a ­
s u r in g  m a ch in e  te c h n o lo g y  on the  s in g le  m a n u fa c tu r in g  p la n t. 
T h e re  has been  no know n p re v io u s  re s e a rc h  done in  th is  im p o r t -  
and b ra n c h  o f m a n u fa c tu r in g  in d u s try ; m o s t p re v io u s  re s e a rc h  
w o rk  has been w ith  n u m e r ic a l c o n tro lle d  m a c h in e  to o ls  as f a r  as 
the  m a n u fa c tu r in g  p la n t w as conce rned , and w ith  c o m p u te rs  in  
the  o ff ic e  fu n c tio n s  o f m a n u fa c tu r in g  in d u s try .
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C H A P T E R  4 - New M e a s u r in g  M a ch ine  T e c h n o lo g y  in  the  S ing le  
M a n u fa c tu r in g  P la n t .
4 .1  -  T H E  O B J E C T IV E  O F T H IS  C H A P T E R .
T h e  o b je c tiv e  o f c h a p te r 4 is  to  s tu d y  the  e ffe c ts  o f new m e a s u r in g  
m a ch in e  te ch n o lo g y  on a s in g le  m a n u fa c tu r in g  p la n t. T h e  s p e c if ic  
a im s  of the  s tu d y  w i l l  be to  a n a lyse  the  fo llo w in g  fa c to r s : -
1. D e ve lo p m e n ts  o f in s p e c tio n  and m e a s u r in g  m a c h in e s .
2. E ffe c ts  o f new m e a s u r in g  m a ch in e  te ch n o lo g y  on the  o rg a n is a tio n ,
3. P s y c h o lo g ic a l advantages ga ined b y  peop le  w ith  new te ch n o lo g y .
4. A cce p ta n ce  o f change o f jobs  due to  the  in te g ra t io n  o f new te c h ­
no lo gy .
5. P ro b le m s  a s s o c ia te d  w ith  d e -s k i l l in g ,  le s s  know le dge  and m a n ­
p o w e r re d u c t io n  due to  new te ch n o lo g y .
T h e  te x t m a te r ia l  w i l l  be fu r th e r  su p po rte d  by  in fo rm a t io n  c o m m itte d  
to  A p p e n d ix , w h ic h  w i l l  c o v e r th e  fo llo w in g  s u b je c ts : -
o S avings a ch ie ve d  b y  im p ro v in g  c o -o rd in a te  m e a s u r in g  m a ch in e  
c a p a c ity ,
o R e s u lts  o f an e x p e r im e n t c a r r ie d  out to  e s ta b lis h  th e  t im e
sa v in g s  w hen u s in g  m a n ua l, s e m i-c o m p u te r  and f u l l  c o m p u te r-  
a s s is te d  m e a s u r in g  m a ch in e s .
o H ow  an a tt itu d e  s u rv e y  was des igned  and lau nched . 2 sa m p le  
q u e s t io n n a ire s  a re  a ls o  in c lu d e d  w ith  the  ap pend ix  m a te r ia l .
H ig h lig h ts  o f A im s  and F in d in g s .
T h e re  w e re  s p e c if ic  re a son s  w hy  the  C a te r p i l la r  T r a c to r  P la n t at 
G lasgow  had to  m ove  to w a rd s  m o re  s o p h is tic a te d  m e a s u r in g  s y s te m s . 
A m o n g  th e  m a jo r  re a son s  w e re  the  deve lopm en t and u t i l is a t io n  of 
n u m e r ic a l c o n tro lle d  (N, C. ) m a ch in e  to o ls  as d e s c r ib e d  in  c h a p te r 3. 
T h e se  N. C . , m a ch in e s  in c re a s e d  ou tpu t, im p ro v e d  a c c u ra c ie s  and 
fo s te re d  th e  d e s ig n  o f m o re  co m p le x  com ponents w h ic h  h ith e r to  co u ld  
not be m a ch in e d  in  one p ie ce  bu t g e n e ra lly  had to  be fa b r ic a te d  o r  
m a ch in e d  b y  a v a r ie ty  o f m a ch in e  to o ls . In s p e c tio n  had s e v e ra l a l t e r ­
n a tiv e  m e thods  o f m e e tin g  the se  above re q u ire m e n ts  and th ese  a re
d iscu sse d  in  the  te x t. One a lte rn a t iv e  was 
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th e  m e a s u r in g  m a ch in e s  in  use a t G lasgow  P la n t ,  T h is  s e c tio n  o f the  
re s e a rc h  p ro je c t  is  s u p p o rte d  b y  an e x e rc is e  conducted  at the  p la n t 
in  o rd e r  to  te s t th e  c la im s  m ade b y  s u p p lie rs  o f th e se  m e a s u r in g  
m a ch in e s ; th a t s u b s ta n tia l t im e  sav ings  can be a ch ie ve d  in  the  m e a ­
s u r in g  p ro c e s s . T he  re s u lts  o f th is  e x e rc is e  a re  con ta in e d  in  the  
A p p e n d ice s .
O rg a n is a tio n  o f th e  q u a lity  c o n tro l d e p a rtm e n t w as o b se rve d  to  be 
s u b je c te d  to  s e v e ra l phases o f change due to  th e  in t ro d u c t io n  o f the  
new m e a s u r in g  m a ch in e . T h e se  changes w e re  re la te d  in  p a r t ic u la r  to  
h o r iz o n ta l p re s s u re s  on the  e x is t in g  span o f c o n tro l and v e r t ic a l  
p re s s u re s  on the  e x is t in g  h ie r a r c h ic a l  le v e ls  o f m anagem ent.
I n i t ia l ly  as th e  new m e a s u r in g  te ch n o lo g y  was in tro d u c e d , in fo rm a l 
o rg a n is a tio n  s y s te m s  w e re  e s ta b lis h e d  as a m eans o f e ffe c t in g  a 
c o m m u n ic a tio n  s tre a m  fro m  th e  p la n n e rs  to  the  u s e rs . E v e n tu a lly  
these  in fo rm a l s y s te m s  w e re  fo rm a lis e d  and new channe ls  w e re  
e s ta b lis h e d  fo r  a u th o r ity ,  in fo rm a t io n  and w o rk f lo w  a c t iv it ie s .
T h e  im p a c t o f new m e a s u r in g  m a ch in e  te ch n o lo g y  on the  peop le  m o s t 
c lo s e ly  a ss o c ia te d  w ith  th e  w o rk  o f in s p e c tio n , a p pe a rs  to  have had 
som e p s y c h o lo g ic a l advantages to  th ese  peop le . T h ro u g h  an a tt itu d e  
s u rv e y , the  o p in io n s  o f in s p e c to rs  ass ign ed  to  the se  m a ch in e s  and o f 
in s p e c to rs  who re m a in e d  on co n v e n tio n a l m e a s u r in g  e qu ip m e n t w e re  
c o lle c te d . Im p o r ta n t q u e s tio n s  conce rne d  w ith  s ta tu s , con fide nce , 
co n ce rn , in f lu e n c e , p o w e r and s a t is fa c t io n  w e re  in v e s t ig a te d  in  th is  
s e c tio n  o f th e  re s e a rc h  p ro je c t .  R e fe re n ce  is  m ade to  p r io r  r e ­
s e a rc h  in  th e  l i t e r a tu r e  w h ic h  has som e re la t io n s h ip  to  th is  s tu d y , 
and c o m p a ris o n s  a re  d ra w n  a g a in s t o th e r f in d in g s  and co n c lu s io n s .
T h e  next s e c tio n  o f th is  s tu d y  exam ines  the  a tt itu d e  o f peop le  to  the  
p o s s ib i l i t y  o f in te g ra t io n  o f jobs  due to  th e  fu tu re  m e rg in g  o f te c h ­
n o lo g ie s . T h is  w i l l  be a v e ry  d i f f ic u l t  and o n -g o in g  p ro b le m , not 
o n ly  in  in d u s try , bu t in  m a n y  o th e r b u s in e ss  a c t iv it ie s .  Indeed the  
p ro b le m  has no t y e t m a n ife s te d  i t s e l f  in  m a n u fa c tu r in g  in d u s try  the 
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w ay  i t  has deve loped  so d ra m a t ic a l ly  in , f o r  e xa m p le , the  ne w spaper 
p r in t in g  b u s in e s s : the  T im e s  n ew spa pe r d isp u te  in  197 9 is  an 
exa m p le  (32). M a n u fa c tu r in g  in d u s try  fo r  m a n y  re a son s  co u ld  not 
change so q u ic k ly  in  th a t the  p ro c e s s  is  e v o lu t io n a ry  ra th e r  th a n  
re v o lu t io n a ry .  F i r s t  s igns  o f change in  m a n u fa c tu r in g  in d u s try  
b ro u g h t on b y  new te c h n o lo g ie s  appeared  w ith  th e  in t ro d u c t io n  o f 
n u m e r ic a l c o n tro lle d  m a ch in e  to o ls  as d iscu sse d  in  c h a p te r 3, but 
the se  changes tended  to  d is p la c e  peop le  r a th e r  th a n  a tte m p t to  a lte r  
th e i r  ta s k . T h is  s e c tio n  of the  s tu d y  lo o ks  a t the  p ro b le m s  a sso c ia te d  
w ith  chang ing  the  ta s k  and th e  d eg ree  o f a ccep tance  to  th is  change b y  
th e  in d iv id u a ls  w ho w ou ld  be a sso c ia te d  m o s t d ir e c t ly .
P re v io u s  re s e a rc h  in  the  l i t e r a tu r e  suggests  th a t a u to m a tio n  o r  
fo rm s  o f new te ch n o lo g y  w h ic h  s im p l i fy  the  ta s k , w i l l  in v a r ia b ly  lead  
to  a d e - s k i l l in g  o f th e  o p e ra to r ,  cause le s s  dem and fo r  te c h n ic a l 
kno w ledge  o r  e x p e r ie n c e , and e v e n tu a lly  re s u lt  in  fe w e r  peop le . T h e  
re a c t io n  b y  c ra f t  in s p e c to rs  to  th e  consequences o f new m e a s u r in g  
m a ch in e  te c h n o lo g ie s  on th e ir  s k i l l ,  know ledge  and s e c u r ity  was 
te s te d  in  th e  a tt itu d e  s u rv e y . A n  in te re s t in g  s p re a d  o f re sp o n se s  
w e re  o b ta ined  ra n g in g  f r o m  a p o s tu re  o f h ig h  co n c e rn  to  one o f b e in g  
encou raged  b y  th e  p ro g re s s  o f te ch n o lo g y , i r r e s p e c t iv e  o f the  con ­
sequences to  th e  in d iv id u a l.
T h e  f in a l  s e c tio n  o f th is  c h a p te r a tte m p ts  to  d ra w  to g e th e r th e  o v e ra l l  
o b se rve d  e ffe c ts  o f the  new m e a s u r in g  m a ch in e  te c h n o lo g y  on the  
s in g le  m a n u fa c tu r in g  p la n t. T h e  o b se rve d  e ffe c ts  on som e of the  
e le m e n ts  o f th e  p re v io u s ly  id e n t if ie d  fa c to rs  o f th e  e n te rp r is e  
n a m e ly , o rg a n is a tio n  s tru c tu re ,  m anagem ent, s tra te g ie s , m a ch in e  
shop e n v iro n m e n t, c o n tro l s y s te m s  and peop le  a re  d is p la y e d  in  
T a b le  No: 4, 4, and b r ie f ly  d is cu sse d  in  th is  f in a l  s e c tio n  w h e re  the  
te x t m a tte r  in  th e  p re v io u s  s e c tio n s  of the  c h a p te r was co n s id e re d  
in s u f f ic ie n t  to  e x p la in  the  f in d in g s .
T h e  o v e ra l l  c o n c lu s io n s  d ra w n  f r o m  th is  s e c tio n  o f th e  re s e a rc h  
p ro je c t  a re  d iscu sse d  and l is te d  in  the  f in a l s e c tio n  o f th is  ch a p te r. 
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Some o f th e  f in d in g s  f r o m  the  2 q u e s tio n n a ire s  show n in  A p p end ices  
I  and J , have not been d iscu sse d  in  the  te x t o f th is  c h a p te r, as i t  was 
c o n s id e re d  th e y  w e re  in s ig n if ic a n t  to  the  a rg u m e n t o f th is  th e s is .
R e la te d  P r io r  R e se a rch .
T h e  in tro d u c t io n  o f m e a s u r in g  m ach ines  at C a te r p i l la r ,  G lasgow  
P la n t as d iscu sse d  in  th is  c h a p te r, is  c le a r ly  re la te d  to  a need to  
m a tc h  the  in c re a s e d  p ro d u c tio n  b ro u g h t about b y  th e  g ro w th  o f o th e r  
te c h n o lo g ie s  such  as, advanced n u m e r ic a l c o n tro lle d  m a ch in e  to o ls , 
to  c o n f irm  th e  v a s t ly  im p ro v e d  a c c u ra c ie s  o f th e se  m a ch in e  to o ls  in  
te rm s  o f p ro d u c tio n  c a p a b ilit ie s  a g a in s t b lu e p r in t  s p e c if ic a t io n s , and 
to  a ch ie ve  th e  r e a lis a t io n  o f a r e tu r n  on in v e s tm e n t f r o m  the  a fo re ­
m e n tio n e d  c o n s id e ra b le  c a p ita l o u tlay .
In  c h a p te r 3, re fe re n c e  w as m ade to  th e  re a c t io n  b y  v a r io u s  la b o u r 
g roups  to  the  chang ing  p a tte rn  o f te ch n o lo g y  o v e r th e  20 y e a rs  o f the  
p la n t 's  e x is te n c e  a t G lasgow , and in  p a r t ic u la r  to  the  g e n e ra l p o lic y  
adopted  by  th e  lo c a l tra d e  un ion  le a d e rs  on the  w ho le  q u e s tio n  o f new 
te ch n o lo g y . T h e  p u rp o se  o f th is  c h a p te r is  to  e x p lo re  in  depth  the  
e ffe c ts  o f one typ e  o f new te ch n o lo g y  on one p a r t ic u la r  g ro u p  o f e m p ­
lo ye e s  and to  t r y  to  a s c e r ta in  th e ir  a ttitu d e s  and o p in io n s , and th e ir  
p r im a r y  ta s k s  w ith in  the  m a ch in e  shop e n v iro n m e n t. T h e re  have 
been n u m e ro u s  am oun ts  o f re s e a rc h  done o f the  o v e ra l l  q u e s tio n  o f 
te c h n o lo g ic a l change, job  s a t is fa c t io n  and w o rk  ro le s  and th is  is  
re f le c te d  in  the  p u b lis h e d  l i t e r a tu r e  on these  s u b je c ts ; h o w e ve r m o s t 
o f th is  p re v io u s  re s e a rc h  tends to  be ra th e r  g e n e ra l and n o n -s p e c if ic  
w ith in  th e  in d u s t r ia l  s c e n a r io . F o r  exam p le , and g o in g  back o v e r 
20 y e a rs  to  1952, C h a rle s  W a lk e r  and R o b e rt G uest in v e s t ig a te d  the  
p ro b le m s  a ss o c ia te d  w ith  m en  w o rk in g  on a c a r  a s s e m b ly  l in e  o f 
G e n e ra l M o to rs  in  A m e r ic a .  A lth o u g h  th is  re s e a rc h  was of a 
p io n e e r in g  typ e  and d id  h e lp  to  la y  the  fo u n d a tio n  fo r  fu r th e r  re s e a rc h  
in  th is  a re a  o f job  s a t is fa c t io n  and job  e n la rg e m e n t, the  c e n tra l 
te ch n o lo g y , b o th  p ro d u c t and m eans o f p ro d u c tio n , w as se c o n d a ry  in  
th a t i t  co u ld  have been a se w ing  m ach in e  a s s e m b ly  l in e  o r  a la rm  
c lo c k s  -  the  f in d in g s  w ou ld  have been to  som e de g re e  p a r a l le l  (33). 
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S im i la r ly  in  the  s tu d y  by  C h in o y  (34) on c a r  a s s e m b ly - l in e  w o rk , he 
found  th a t the  w o rk  dem ands m in u te  s p e c ia lis a t io n  on a sub ro le  
a c tio n  o r  ta s k  b a s is . T h e  w o rk  is  m e c h a n ic a lly  c o n tro lle d  in  pace, 
re p e t it iv e  and re q u ire s  v e ry  l i t t l e  s k i l l  and o n ly  s u r fa c e  a tte n tio n .
He goes on to  d e s c r ib e  how  th e  w o rk e r  has l i t t l e  sense o f c o n tro l o v e r 
th e  job  o r  o f m a k in g  any s ig n if ic a n t p e rs o n a l c o n tr ib u t io n  to  the  f in a l  
p ro d u c t. B o th  re s e a rc h e rs  m ade re c o m m e n d a tio n s  o f v a r io u s  w ays 
in  w h ic h  le v e ls  o f in t r in s ic  w o rk  s a t is fa c t io n  on a s s e m b ly  l in e s  m ig h t 
be ra is e d  b y  job  e n la rg e m e n t, job  ro ta t io n , the  fo rm a t io n  o f te a m  
g roups  o f w o rk e rs ,  and th e  e x e rc is e  o f "hu m a n  re la t io n s "  s k i l ls  by  
fo re m e n . S ince th a t t im e  o rg a n is a tio n s  such  as V o lv o  in  Sweden 
have a tte m p te d  to  m ake  re v o lu t io n a ry  changes to  th e  o r ig in a l  H e n ry  
F o rd  a s s e m b ly  l in e  and re c e n t ly  F ia t  o f I t a ly  have d e m o n s tra te d  in  
the m e d ia  th e i r  deve lo p m e n t o f th e  ro b o t a s s e m b ly  l in e ,
E m e ry  and T h o rs ru d  have a tte m p te d  to  la y  dow n a se t o f g e n e ra l 
p r in c ip le s  o f good jo b  d e s ig n  fo r  a l l  types  o f te c h n ic a l-p ro d u c t io n  
s y s te m s  (35). T h e se  p r in c ip le s  w e re  o b v io u s ly  in  p a r t  in s p ire d  by  
the  c la s s ic  s tu d y  o f E . L .  T r i s t  et a l,  o f 2 a lte rn a t iv e  m o d e rn  m eans 
o f o rg a n is in g  c o a l-m in in g  w o rk  in  N o r th  D u rh a m  w ith in  th e  b ro a d  
l im i t s  im p o se d  b y  te c h n o lo g y  (36). B la u n e r  d is t in g u is h e s  4 m a in  
typ e s  o f te ch n o lo g y  on the  b a s is  o f d eg ree  of m e c h a n is a tio n  and 
s ta n d a rd is a t io n  o f the  p ro d u c t -  c ra f t ,  m a ch in e  o p e ra tio n , a s s e m b ly -  
l in e  and p ro c e s s  - and h yp o th e s ise s  th a t, o th e r  fa c to rs  b e in g  equa l, 
the  p ro b le m  o f a lie n a tio n  o r  job  d is s a t is fa c t io n  w i l l  be g re a te r  in  the  
a s s e m b ly - l in e  typ es  o f in d u s tr ie s  w h e re  the  fra g m e n ta t io n  of s k i l ls  
and the  p ro c e s s  o f r a t io n a l is a t io n  o f the  p ro d u c tio n  o f s ta n d a rd is e d  
ite m s  has been c a r r ie d  fu r th e r  (37).
In  c o n tra s t to  the  above m en tion ed  s tu d ie s , th is  s e c tio n  o f re s e a rc h  
does not a tte m p t to  e m b ra ce  a la rg e  w o rk g ro u p  such  as an a s s e m b ly  
l in e  w o rk e r  n o r  does i t  lo o k  a t g e n e ra l s k i l ls  o r  job  de s ig n , i t  
s p e c if ic a l ly  p e n e tra te s  d e ep ly  the  " c r a f t "  e le m e n t id e n t if ie d  by  
B la u n e r  and c e n tre s  on th e  p a r t ic u la r  e n g in e e r in g  s k i l ls  o f the
m a n u fa c tu r in g  in d u s t r ia l  in s p e c to r  and d ir e c t ly  re la te s  i t s e l f  to  the 
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te ch n o lo g y  c e n tra l to  th e  p e r fo rm a n c e  o f h is  ta s k  w ith in  th e  fa c to ry .  
F ro m  th is  v e r y  a sp ec t, i t  is  c o n s id e re d  th a t th is  re s e a rc h  is  un ique 
and u n p a ra lle l in  any p re v io u s  s tu d ie s  w ith in  the  in d u s t r ia l  m a n u ­
fa c tu r in g  e n v iro n m e n t, and th e re fo re  a rgues  a s p e c ia l case f o r  the  
in t ro d u c t io n  o f new te ch n o lo g y . T h e  so c a lle d  c ra f ts m a n  em p loyed  
w ith in  th e  in d u s t r ia l  e n te rp r is e  has a h ig h e r  de g re e  o f s ta tu s  th a n  the  
s e m i o r  u n s k il le d  e m p loyee . In s p e c to rs  w ith in  th is  c ra fts m a n  g ro u p  
a re  a g a in  o f a d if fe re n t  e li te  p ro b a b ly  re la te d  to  th e  fa c t th a t th e  
n a tu re  o f w o rk  causes the  c ra f t  in s p e c to r  to  a rb it r a te  th e  w o rk  o f 
o th e r  c ra fts m e n , o r  in  th e  case o f C a te rp i l la r ,  th e  w o rk  o f s e m i­
s k i l le d  m a ch in e  o p e ra to rs . A l l  in s p e c to rs  at C a te r p i l la r ,  G lasgow  
a re  t im e -s e rv e d  e n g in e e rs , a b a s ic  p re re q u is ite  f o r  q u a lify in g  fo r  
th e  job .
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4 . 2 -  D E V E L O P M E N T  O F  IN S P E C T IO N  A N D  M E A S U R IN G  
M A C H IN E  A T  C A T E R P IL L A R , GLASG OW .
U n t i l  J u ly  1968, G lasgow  P la n t had depended upon co n v e n tio n a l m eans 
o f in s p e c tio n  and m e a s u re m e n t m a in ly  re la te d  to  la rg e  g ra n ite  s u r ­
fa ce  ta b le s  as a base da tum . M e a s u r in g  in s tru m e n ts  such  as h e ig h t 
gauges, m ic ro m e te rs ,  c a lip e rs ,  s te e l ru le s ,  b lo c k  gauges and o th e r 
s im i la r  to o ls  had been the  o n ly  b a s ic  te ch n o lo g y  a v a ila b le  s in ce  the  
In d u s t r ia l  R e v o lu tio n , w ith  m a n y  re fin e m e n ts  o v e r  th e  y e a rs . D e s ­
p ite  the  a p p a re n t age o f th e  te ch n o lo g y , these  in s tru m e n ts  in  the 
hands o f s k i l le d  in s p e c to rs  co u ld  m e a s u re  to  a c c u ra c ie s  o f te n th s  o f a 
thousand  p a r t  o f th e  im p e r ia l  in ch  and thus  w e re  a b le  to  a d eq u a te ly  
c o n tro l the  q u a l i ty  o f the  p ro d u c tio n  w ith in  th e  e s ta b lis h e d  s p e c if ic a ­
t io n s  and to le ra n c e s  as d e s c r ib e d  in  the  b lu e p r in t  o f each com ponen t.
T h e  s ig n if ic a n t change at G lasgow  P la n t w h ic h  fo rc e d  som e new th in k ­
in g  on th e  in s p e c tio n  m e thods w as b ro u g h t abou t b y  th e  in c re a s e  in  
p ro d u c t iv i ty  re a lis e d  f r o m  th e  N. C . , and o th e r  e q u ip m e n t, as d e ­
s c r ib e d  in  th e  p re v io u s  c h a p te r, w h ic h  was in s ta lle d  and o p e ra tio n a l 
in  the  m id  1960s. T h e re  w e re  s e v e ra l a lte rn a t iv e s  open to  th e  in ­
s p e c tio n  m anagem ent a t th a t t im e  to  m e e t the  in c re a s e , som e o f 
th e se  a lte rn a t iv e s  w e re  as fo l lo w s ; -
1. T o  e m p lo y  m o re  in s p e c tio n  m an p o w e r w ith  m o re  co n v e n tio n a l 
e q u ip m e n t, i .  e. s u r fa c e  p la te s .
2. T o  m e a s u re  s ta t is t ic a l ly  b y  ta k in g  ra n d o m  sa m p le s  o f the  p r o ­
d u c tio n  in  th e  hope th a t the  to ta l p o p u la tio n  w o u ld  be co ve re d  and 
tre n d s  id e n t if ie d  fo r  c o r re c t io n .
3. T o  s u b -c o n tra c t som e in s p e c tio n  w o rk  o u ts id e  th e  p la n t to  som e 
s p e c ia l s e rv ic e  g ro up ,
4. T o  re d u c e  ou tpu t o r  ra t io n a lis e  p ro d u c tio n  w ith  o th e r  C a te r p i l la r  
p la n ts  and thus  in c re a s e  vo lu m e s  w ith  fe w e r  p a r ts .
5. W o rk  a d d it io n a l h o u rs  such  as o v e r t im e  to  c o v e r th e  w o rk ,
6. F in d  a fa s te r  m eans o f m e a s u r in g  the  g iv e n  v o lu m e  o f com pon ­
ents w ith o u t d ro p p in g  th e  a c c u ra c y  o f m e a s u re m e n t.
O n ly  a lte rn a t iv e  No: 6 was a cce p ta b le  to  G lasgow  P la n t  at th a t t im e . 
T h e re  was n o w a y  th a t a d d it io n a l la b o u r  w ou ld  be added to  th e  in d ire c t
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la b o u r  w o rk fo rc e  and th e  r i s k  e le m e n t in  t r y in g  to  s ta t is t ic a l ly  check 
s m a ll b a tch  p ro d u c tio n  was too  g re a t. T h e  q u e s tio n  o f s u b -c o n tra c t in g  
o f w o rk  fo r  in s p e c tio n  was not o n ly  im p ra c t ic a l  and c o s t ly ,  bu t i t  ju s t 
w ou ld  not have been a g re e d  to  b y  the  h o u r ly  t ra d e  u n ions , as th e y  w ou ld  
c la im  th a t w o rk  was b e in g  ta k e n  aw ay w h ic h  co u ld  have  been co ve re d  
b y  th e ir  m e m b e rs  on o v e r t im e  i f  n e c e s s a ry  o r  b y  e m p lo y in g  m o re  
peop le . G e o g ra p h ic  d is ta n ce  m ade i t  im p r a c t ic a l  f o r  any r a t io n a l is a ­
t io n  o f the  p ro d u c tio n  w ith  o th e r  C a te r p i l la r  p la n ts  and the  co s t w ou ld  
have been p ro h ib it iv e .  O v e r t im e  w o rk  m u s t be c o n s id e re d  as a b u f fe r  
f o r  e m e rg e n c ie s  and cannot o r  sh ou ld  not be p la nned  in to  th e  c a p a c ity  
o f th e  fu n c tio n .
C a te r p i l la r  p la n ts  in  A m e r ic a  had ga ined som e e x p e rie n c e  w ith  . 
m e a s u r in g  m a ch in e s  b y  1967 as the  m a jo r  p la n t a t E a s t P e o r ia ,  I l l in o is  
had been u s in g  th is  te ch n o lo g y  f r o m  1962. T h e re fo re  som e gu idance  
was a v a ila b le  to  the  Q u a lity  C o n tro l m anagem ent a t G lasgow  on w hat 
w as on the  m a rk e t w h ich  s u ite d  th e  ty p ic a l C a te r p i l la r  com ponen t. In  
N o ve m b e r 1967 a re q u e s t f o r  in v e s tm e n t was m ade f o r  a m o d e l 72A 
P o rta g e  M a rk  O ff m a ch in e  c o m p le te  w ith  a tta c h m e n t and ta b le . (P la te  
N o :4 .1 ). T h is  m a ch in e  was re q u e s te d  to  cope w ith  th e  s te a d ily  in c re a s ­
in g  lo a d  o f w o rk  on the  s u rfa c e  p la te  in  the  C a s tin g s  R e c e iv in g  S ection . 
T h is  s e c tio n  was re s p o n s ib le  f o r  the  in s p e c tio n  o f a l l  ca s tin g s  and 
fo rg in g s  re c e iv e d  b y  th e  p la n t and had been e x p e r ie n c in g  in c re a s in g  
d i f f ic u l t y  in  co p in g  w ith  th e  v o lu m e  of- new c a s tin g s  and fo rg in g s  b e in g  
in tro d u c e d  and th e  la rg e  v o lu m e  o f c u r re n t  m a te r ia l  p a s s in g  th ro u g h  
the  a re a  at th a t t im e .  T h is  a re a  was id e n t if ie d  as th e  m a in  b o tt le n e c k  
f o r  in s p e c tio n  and th e re fo re  the  b e s t p la ce  to  re a lis e  an e ffe c t iv e  r e tu rn  
on in v e s tm e n t, and th e  m a ch in e  was in s ta lle d  in  J u ly  1968 at a to ta l 
cos t o f £4, 825, A  second m a ch in e  was re q u e s te d  fo r  in v e s tm e n t in  
J a n u a ry  1968, th is  was a F e r r a n t i  C o rd a x  M e a s u r in g  M a ch in e , M o d e l 
300 w ith  3 -a xe s  s im u lta n e o u s  re a d -o u t, bu t w as p u re ly  a m a n u a l type  
o f c o n tro l m a ch in e  as show n in  P la te  N o :4 ,3 . T h is  m a ch in e  was 
re q u e s te d  b y  the  In s p e c tio n  D iv is io n  to  p ro v id e  a m o re  e ff ic ie n t 
in s p e c tio n  f a c i l i t y  fo r  ch e ck in g  pum p p a r ts , w h ic h  w e re  p ro du ce d  on
H e a ld  B o re m a t ic s  and m is c e lla n e o u s  p a r ts  p ro d u ce d  on a new
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PLATE No:4.1
T h e  P o rta g e  72A M a rk  O ff In s p e c tio n  M a ch in e
Standard  
Layout Machine
' ■ y t ^  '  'J  . U '  J ! V j L - 1 - . .  la L w i I 3H
S tan d ard  Layo u t M ach ine  N om enclatu re
1. Head Assembly
2. Linear Scale Bar
3. Column
4. Counter Weight Pulley
5. Base
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6. Horizontal Cross Arm
7. Control Rod
8. Combination Scriber
9. W orkpiece  
10. Table
ZZZT3
C in c in n a ti N . C. m a ch in e . B ased  on G la sg o w 's  P la n n in g  D iv is io n  v is i t  
to  o th e r  u s e rs  o f a s im i la r  m a ch in e  and on in fo rm a t io n  re c e iv e d  f r o m  , 
C a te r p i l la r 's  A m e r ic a n  J o lie t  and San L e a n d ro  p la n ts , i t  was e s t im a ­
te d  th a t m e a s u re m e n ts  w o u ld  be co m p le te d  in  one th i r d  of the  n o rm a l 
s u r fa c e  p la te  t im e , r e s u lt in g  in  a t t r a c t iv e  la b o u r  sa v in g s  and re d uce d  
m a ch in e  w a it in g  t im e . A t th a t t im e  the  c o n v e n tio n a l s u r fa c e  p la te  
ch e ck in g  w as ca u s in g  s e r io u s  h o ld  ups on th e  a fo re m e n tio n e d  m a ch in e  
to o ls . T h e  in s p e c tio n  check  was re q u ire d  to  e n su re  d im e n s io n a l 
a c c u ra c y  on the  f i r s t  p a r t  p ro d u ce d , p r io r  to  c o m m e n c in g  th e  p ro ­
d u c tio n  ru n  -  th is  is  c a lle d  S e t-U p  A p p ro v a l.  T h e  m a ch in e  was f in a l ly  
in s ta lle d  a t th e  h y d ra u lic s  m a ch in e  l in e  in  J u ly  1968 a t a to ta l co s t o f 
£ 8 ,4 2 3 . H o w e v e r in  1969 c o rp o ra te  ra t io n a lis a t io n  o f G lasgow  p la n t 's  
p ro d u c t l in e  m oved  p ro d u c tio n  o f pum ps b a ck  to  A m e r ic a  and the  m e a ­
s u r in g  m a ch in e  was re lo c a te d  to  a m is c e lla n e o u s  s m a ll  p a r ts  a re a  
c h e c k -o u t, w h e re  i t  was used m a in ly  f o r  c h e ck in g  h o le  p a tte rn s , fo r  
a w id e  v a r ie ty  o f com ponen ts .
In  M a y  1969 a re q u e s t f o r  in v e s tm e n t was ra is e d  f o r  an A m e r ic a n  
m a n u fa c tu re d  P o r ta g e  In s p e c tio n  m a ch in e  m o d e l 350 w ith  3 -axes  
re a d o u t and p r in t -o u t ,  su p p lie d  w ith  a 4 8 " x  4 8 "  se t up p la te , to  be 
in s ta lle d  in  the  f in a l  checkou t a re a  (P la te  No: 4. 2). T h is  re q u e s t was 
m ade on th e  g ro un d s  th a t th e  a re a  had been an in s p e c tio n  b o tt le n e c k  
fo r  som e t im e , due to  the ra n g e  o f la rg e  c a s tin g s  and w e lded  fa b r ic a ­
t io n s  w ith  c lo se  to le ra n c e  m a ch in e  c h a ra c te r is t ic s .  One la rg e  p a r t  
such as a b e v e l g e a r case o r  an engine b lo c k  fo r  th e  la rg e s t  o f the  
th re e  p r im e  p ro d u c ts  co u ld  t ie  up the  s u rfa c e  p la te  f o r  a w ho le  e ig h t 
h o u r s h if t .  C o m p re h e n s ive  ch e ck in g  f ix tu re s  had p re v io u s ly  been 
used, b u t th e se  w e re  e xpens ive  to  m ake , a w kw a rd  to  use, b u lk y  to  
s to re  and w e re  found  to  be in f le x ib le  and in a c c u ra te . T h e se  fa c to rs  
re s u lte d  in  in s u f f ic ie n t  co ve rag e  b y  In s p e c tio n  o f q u a li ty  and q u a n tity .
I t  was fo re c a s te d  th a t the  p o s it io n  w ou ld  fu r th e r  d e te r io ra te  as m o re  
N. C. m a ch in e s  w e re  in tro d u c e d  in  th is  a re a , as th e se  w ou ld  in c re a s e  
p ro d u c tio n  c a p a c ity  and re q u ire  a ra p id  feed  b a ck  o f " f i r s t  o f f "  in fo r m ­
a tio n  f r o m  In s p e c tio n . T he  in s p e c tio n  m a ch in e  w as in s ta lle d  in
A u g u s t 1970 at a to ta l cos t o f £42, 554.
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P L A T E  N o :4 . 3
T he F e r r a n t i  C o rd a x  300 M a n u a l 3 C o -o rd in a te  M e a s u r in g  M a ch in e
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F iv e  y e a rs  la te r  in  M a y  1975 a n o th e r p ro je c t w as ra is e d  to  in v e s t ig a te  
the  c o -o rd in a te  m e a s u r in g  m a ch in e  c a p a c ity  a g a in s t the  dem ands o f 
the  shop f lo o r  a t th a t t im e  and to  fo rw a rd  p ro p o s a ls  fo r  im p ro v e m e n t, 
i f  the  in v e s t ig a t io n  w a rra n te d  such im p ro v e m e n t. T h e  re p o r t  h ig h ­
lig h te d  th a t w h ils t  the  tw o  o r ig in a l  C M M s in  th e  m a ch in e  shop w e re  
fu l ly  b u rde n e d  and m anned on 3- s h if ts ,  th e y  w e re  o n ly  now ch e ck in g  
a p p ro x im a te ly  20% o f the  p ro d u c tio n  che ck in g  re q u ire m e n ts . I t  was 
th e re fo re  re co m m e n d e d  th a t to  c o v e r p re s e n t and fu tu re  dem ands on 
Q u a lity  C o n tro l,  tw o  c o m p u te r -a s s is te d  C M M s be p u rch a se d ; one to  
c o v e r th e  n u m e r ic a l c o n tro lle d  h y d ra u lic s ,  u n d e rc a r r ia g e  and m is c e l l ­
aneous s m a ll p a r ts  a re as  w h ic h  w e re  p re d o m in a n te ly  a la rg e  ba tch  
typ e  o f p ro d u c tio n  s y s te m  a re a , and a second to  c o v e r th e  m is c e lla n e ­
ous la rg e  p a r ts  a re a  w h ic h  was a s m a ll ba tch  h ig h  va lu e  typ e  p ro d u c t­
io n  a re a . T h e  fo re c a s te d  annua l sa v in g  b y  in v e s t in g  in  2 such m a ch in e s  
was e s tim a te d  as £44, 330 based on a re tu rn  on in v e s tm e n t a n a ly s is  as 
show n in  A p p e n d ix  G. A  se le c te d  ra n ge  o f c o m p u te r -a s s is te d  
c o -o rd in a te  m e a s u r in g  m a ch in e s  m a n u fa c tu re d  b y  L .  K . T o o ls , D .E .A .  
and F e r r a n t i  w e re  re v ie w e d  at s u p p lie rs ' and o th e r  u s e rs ' p re m is e s  
b y  Q u a lity  A s s u ra n c e  p e rs o n n e l. E ach  m a ch in e  w as eva lua ted  fo r  
q u a lity  o f m a n u fa c tu re , des ign , m e a s u r in g  a c c u ra c y , m e a s u r in g  
s tro k e , t r a v e l  on a l l  axes , c o m p u te r s o ftw a re  package  and co s t. One 
m e a s u r in g  m a ch in e  c o n s id e re d  s u ita b le  f o r  each a p p lic a t io n  was p r o ­
posed b y  each m a n u fa c tu re r  f o r  a sse ssm e n t. T h e  C C M M  fo r  the  
m is c e lla n e o u s  la rg e  p a r ts  a re a  w ou ld  s e rv ic e  an a p p ro x im a te  to ta l o f 
50 p ro d u c tio n  m a ch in e s , c o m p r is in g  o f n u m e r ic a l c o n tro lle d  C in c in n a ti 
h o r iz o n ta l b o re rs ,  S uns tran d  b o re rs  and s ta n d a rd  m a ch in e s  such as 
S che iss  b o re rs ,  H e rb e r t  D e v lig  j ig m i l ls .  E x - c e l lo  b o re rs  and M o ra n d o  
auto  la th e s . T he  C C M M  p u rch a se d  fo r  th is  a re a  w o u ld  re q u ire  a 
re p e a ta b il i ty  a c c u ra c y  o f + Q. 0002" based on the  to le ra n c e s  re q u ire d  
f r o m  com ponen ts  p ro d u ce d  in  th is  a re a , and its  s tro k e  t r a v e l  on a l l  
axes had to  be capab le  of m e a s u r in g  the  la rg e s t com ponen ts , fo r  
exa m p le  c y lin d e r  b lo c k s  fo r  a 300 H .P .  d ie s e l eng ine . T h e  th re e  
m a ch in e s  e va lua ted  w e re : -
A . L . K .  M a x i check  4670 - 53.
B . D .E .A .  D ez 'H '.
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c ,  F e r r a n t i  S a tu rn  20008.
T h e  re s u lts  o f the  c o m p a r is o n  and e v a lu a tio n  w e re  as fo llo w s
V e n d o r F e r r a n t i Indus. Sales SIP
M a n u fa c tu re r F e r r a n t i L .K . D. E . A .
M o d e l S a tu rn  2000S m o d e l 4670-39 B e ta  D E2H
T a b le  S u rfa ce  
A re a 8 0 "x 5 4 " 9 6 "x6 0 " 6 3 " x 3 l"
P ro b e  S tro ke  
'X '
t Y  •
'Z '
78 "
4 9 "
39"
68"
46"
4 6 i"
70 "
39"
39"
R e s o lu tio n 0 .0 0 0 2 " 0. 0001" 0. 0001"
A c c u ra c y
'X '
'Y '
'Z '
£0. 0012" 
+0. 0012" 
i O . 0006"
± 0. 001" 
± 0 .0 0 0 8 "  
iO . 0008"
iO . 001" 
+0. 0008" 
i O . 0006"
C o m p u te r
G ro up P D P 8 /M 8 K P D P 8 /F 8 K P D P 8 /8 K
D a y lig h t 39" 53" 34"
D e liv e ry 6 m on th s 3 m on ths 2 m on ths
C ost £35 ,834 £48, 925 £74,287
C ab ine t £100 £100 £100
In s ta l la t io n £2, 154 £2, 154 £2, 154
T o ta l C ost £38 ,088 £51,179 £76, 541
T h e  S a tu rn  2000S was se le c te d  on a s u ita b i l i t y  and c o s t sav in g s  b a s is .
G e n e ra lly  a l l  c o m p a ris o n s  w e re  c o m p a tib le  but th e  S a tu rn  p ro v id e d
g re a te r  re a c h  on 'X ' and 'Y ' axes, the  m a rg in a l d if fe re n c e  in  a c c u ra c y
was c o n s id e re d  n e g lig ib le . T he  Q u a lity  A s s u ra n c e  D iv is io n  w itn e sse d
a d e m o n s tra t io n  o f th is  m a ch in e  at the  F e r r a n t i  P la n t  n e a r E d in b u rg h
and w e re  im p re s s e d  b y  i ts  c a p a b ili t ie s .  (P la te  N o :4. 5), A  second
C C M M  fo r  the  n u m e r ic a l c o n tro lle d  a re a  w ou ld  s e rv ic e  an a p p ro x im a te
to ta l o f 66 p ro d u c tio n  m a ch in e s  c o m p r is in g  o f n u m e r ic a l c o n tro lle d
M ilw a u k e e m a tic  " E / A "  m a ch in e s , M ilw a u k e e m a tic  S e rie s  200s,
W a rn e r  Sw asey S. C. 28 and s ta n d a rd  m a ch in e s  such  as E x -c e llo  b o re rs ,
M o ra n d o  la th e s  and A rc h d a le  m u lt i- s p in d le  d r i l l s .  T h e  p a rts  p ro d u ce d
in  th is  a re a  a re  c o m p le x , c lo s e ly  to le ra n c e d , fo r  e xam p le  + 0. 005"
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The D .E .A .  Gamma computer  A s s i s i e a  ivieasuring iviacnine
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PLATE No:4. 5
T h e  S a tu rn  2000S F e r r a n t i  C o m p u te r A s s is te d  M e a s u r in g  M a ch in e
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and a re  p ro d u ce d  in  h ig h  v o lu m e . T he  re q u ire m e n t th e re fo re  was fo r  
a C C M M  m a ch in e  w ith  a h ig h  d egree  o f m e a s u r in g  a c c u ra c y  in  the  
+ 0. 0003" re g io n  and adequate s tro k e  t r a v e l  on a l l  axes. T h e  th re e  
m a ch in e s  e va lu a te d  w e re :-
A . L .K .  M a x i C heck 46 46 -39 .
B . F e r r a n t i  C o rd a x  3000,
C. D .E .A ,  G am m a 'B '.
T h e  re s u lts  o f the  c o m p a r is o n  and e va lu a tio n  w e re  as fo llo w s
V e n d o r S . I .P . F e r r a n t i In d u s .S a le s
M a n u fa c tu re r D .E .A . C o rd a x L . K .
M o d e l G am m a B M an  8 C o rd a x  3000 4646-39
T a b le  s u r fa c e  
a re a 4 7 " X  35" 72" X  60"
P ro b e  S tro ke  
'X ' 39" 30" 46 "
ly r 32" 20 " 4 6 "
'Z ' 20" 16" 33"
R e s o lu tio n 0. 0001" 0. 0001" 0. 0001"
A c c u ra c y
'X ' 0 .0 0 0 3 " ± 0 .0 0 0 2 " ± 0 ,0 0 0 8 "
'Y ' iO . 0003" ± 0 .0 0 0 2 " ± 0 .0 0 0 8 "
'Z ' + 0 .0 0 0 3 " -  - ± 0 .0 0 0 7 "
C o m p u te r
G ro up D E C P D P 8 /8 K P D P 8 /M 4 K P D P 8 /F
D a y lig h t 34" " « 39"
D e l iv e ry 3 m on ths 9 m onths 3 m on ths
C ost £57, 748 £41, 492 £47,558
D u ty £ 5 ,774 £4 ,192 £4, 758
In s ta l la t io n £1, 938 £1, 938 £1, 938
C ab ine t £100 £100 £100
T o ta l C ost £65, 5 60 £47, 722 £54 ,354
R eason fo r  s e le c t io n  o f th e  second c o m p u te r a s s is te d  m e a s u r in g  
m a ch in e . P la te  No: 4. 4
T h e  D . E . A . G am m a B M an  8 was s e le c te d  on a s u ita b i l i t y  b a s is , as
the  L . K .  m a ch in e  d id  not p ro v id e  a c c u ra c y  w h ile  the  F e r r a n t i  C o rd a x
was l im i te d  on i ts  20 " Y -a x is  p ro b e  s tro k e  and had a n ine  m on th
d e liv e ry .  T h e  p ro p o se d  m a ch in e  m e t the  re q u ire m e n ts  on p ro be  
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s tro k e  and a c c u ra c y , the  la t te r  be in g  o f p r im e  im p o r ta n c e  and 
d e liv e ry  o f s e c o n d a ry  im p o rta n c e  - th e re fo re  the  a d d it io n a l cos t was 
co n s id e re d  ju s t i f ia b le .
T h e  P re s e n t S itu a tio n
T h e  D. E . A . G am m a w as in s ta lle d  in  M a rc h  1976 and th e  F e r r a n t i  
S a tu rn  in  A u g u s t 1976. T h e  fo r m e r  m a ch in e  was c o m p a tib le  in  
te rm s  o f c o m p u te r s o ftw a re  p ro g ra m m in g  w ith  th e  eq u ipm en t c u r r e n t ­
ly  b e in g  used in  m o s t o f th e  A m e r ic a n  fa c i l i t ie s  o f C a te r p i l la r ,  w h ile  
the  F e r r a n t i  S a tu rn  w as no t. -T h is  p re s e n te d  an in i t i a l  p ro b le m  
fo r  C a te r p i l la r ,  G lasgow , as one o f the  b a s ic  p h ilo s o p h ie s  and 
success s to r ie s  o f the  com pany w o r ld w id e  was as d is cu sse d  b e fo re , 
the  h ig h  de g re e  o f in te rc h a n e a b il ity  o f t r a c to r  p a r ts  no m a tte r  w h ic h  
o f the  w o r ld w id e  m a n u fa c tu r in g  u n its  p ro du ce d  th e m . I t  was th e re ­
fo re  im p e ra t iv e  th a t c o m p u te r m e a s u r in g  m a ch in e  tapes  be e q u a lly  
in te rc h a n g e a b le . W ith  e x c e lle n t s u p p o rt and b a c k -u p  f r o m  F e r r a n t i  
in  E d in b u rg h , th e  C a te r p i l la r ,  G lasgow  P la n t w as ab le  to  re s o lv e  the 
p ro b le m  and thus ach ie ve  c o m p a t ib i l i ty  be tw een  the  F e r r a n t i  S a tu rn  
and the  D . E . A . G am m a s y s te m s . T h is  in te r  c h a n g e a b ility  p e rm it te d  
v a lu a b le  f le x ib i l i t y  in  the  in s p e c tio n  fu n c tio n  s in c e  i f  e ith e r  m a ch in e  
w as in  a queue ing  o r  b re a kd o w n  s itu a tio n , the  o th e r  co u ld  be used to  
do th e  check , com ponent s iz e  p e rm it t in g .  T h e  m a ch in e s  w e re  bo th  
m anned on f i r s t  and second s h if ts ,  w ith  a p la n  to  t r a in  a fu r th e r  
o p e ra to r  f o r  the  S a tu rn  m e a s u r in g  m ach in e .
B y  1978 th e re  w e re  450 c o m p u te r m e a s u r in g  tapes p ro du ce d  to  m e a ­
s u re  s p e c if ic  p a r ts  f o r  s e v e ra l c r i t i c a l  d im e n s io n s  and i t  was a n t ic i ­
pated th a t, as the se  tapes in c re a s e d  in  n u m b e r, th en  the  m e a s u r in g  
m a c h in e s ' b u rd e n s  w ou ld  in c re a s e  to  the  p o in t w h e re  th e y  w ou ld  be 
m anned on a l l  3 s h if ts .  T h e  a c tu a l n u m b e r of m a ch in e  o p e ra tio n s  
w h ic h  w o u ld  e v e n tu a lly  have a p ro g ra m m e  tape  had not ye t been d e te r ­
m in e d  as id e n t if ic a t io n  o f s u ita b le  a p p lic a tio n s  was co m p le x . T h e re  
w e re  a p p ro x im a te ly  10, 000 d if fe re n t  p ro d u c tio n  typ e  o p e ra tio n s  
c a r r ie d  out in  th e  fa c to ry  and e xc lu d in g  p a in t, p ro te c t io n  co a ting ,
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d e b u rr ,  s h o tb la s t, hea t t r e a t ,  w ash  and o th e r non c u tt in g  o r  fo rm in g  
o p e ra tio n s , th e  f ig u re  re d u ce d  to  a p p ro x im a te ly  6, 000 m a c h in in g  
o p e ra tio n s . M a n y  o f these  d id  not c a ll  fo r  th is  typ e  o f in s p e c tio n , so 
o n ly  a f r a c t io n  o f the  o p e ra tio n s  w ou ld  m e r i t  a tape  f r o m  an a sp ec t o f 
eco no m ic  u t i l is a t io n .  A n  e s tim a te  o f th is  f in a l  f ig u re  w ou ld  be o f the  
o rd e r  o f 1200 - 1500 tapes . T o d a y  th e re  a re  24 n u m e r ic a lly  c o n tro l­
le d  m a ch in e  to o ls  and a la rg e  v a r ie ty  o f a u to m a tic  and s e m i-a u to ­
m a tic  m a ch in e  to o ls  and re la te d  equ ipm en t. (See T a b le  No: 3. 6 page 
154). T h is  advanced m e ta l c u tt in g  te ch n o lo g y  is  p ro d u c in g  h ig h  
vo lu m e s  o f com ponen ts  in  s m a ll  to  la rg e  b a tch  typ e  p ro d u c tio n  
s y s te m s  g e n e ra lly  on a 5 -d a y  w eek o v e r 3 con tinu o u s  ru n n in g  8 -h o u r  
s h if ts .  T h is  s itu a t io n  has g re a t ly  in c re a s e d  the  dem and on the  
in s p e c tio n  fu n c tio n  fo r  a fa s t tu r n  ro u nd  on " f i r s t - o f f "  a p p ro v a l and 
ro u t in e  checks to  re d u ce  w a it in g  t im e . T h e  in v e s tm e n t in  c o m p u te r 
a s s is te d  c o -o rd in a te  m e a s u r in g  m ach in e s  was a v ia b le , t im e ly  and 
n e c e s s a ry  d e ve lo p m en t of o v e ra l l  te ch n o lo g y  a t G lasgow  P la n t.
T im e  Savings G ained w ith  C o m p u te r -A s s is te d  M e a s u r in g  M a c h in e s . 
W hat p e rce n ta g e  o f t im e  sa v in g  is  G lasgow  P la n t g a in in g  on the  
C C M M s in  c o m p a r is o n  w ith  s u r fa c e  p la te s  and C M M s? A s p e c ia l 
e x e rc is e  was se t up w ith in  the  fa c to ry  to  a tte m p t to  a n s w e r th is  
im p o r ta n t q u e s tio n , th e  d e ta ils  a re  g ive n  in  A p p e n d ix  H . T h is  in ­
v e s t ig a t io n  c o n firm e d  C C M M  m a n u fa c tu re rs ' c la im s  o f fa s t tu rn  
round  on se t up p ie ce s  and le s s  m an  h o u rs  in v o lv e d  in  in s p e c tin g .
T h e  h ig h e s t v a lu e  was 96. 5% s a v in g  on a la rg e  f in a l  d r iv e  g e a r f o r  
th e  t r a c to r  d r iv e  s y s te m , w h ic h  had to  be se t up tw ic e  on the  s u rfa c e  
ta b le  to  get c a lc u la te d  c o -o rd in a te s  f r o m  the  base p itc h  c i r c le  and the 
in c lu d e d  ang le , w he re a s  the  C C M M  in s p e c to r  had o n ly  to  la y  the  ge a r 
f la t  on th e  ta b le  and p ro b e  each b o lt  h o le . (P la te  No: 4. 6). T h e  le a s t 
sa v in g  was 25% on a t im in g  g e a r ho us in g  and the  p r im e  re a so n  fo r  
th is  was the s in g le  s e tt in g  c a r r ie d  out on th e  s u r fa c e  ta b le , w h ich  
cou ld  not be g re a t ly  im p ro v e d  upon by  the  c o m p u te r s y s te m . Indeed 
th is  showed th a t a sa v in g  of 25 p e rc e n t was ga ined  p u re ly  on c a lc u la ­
t io n  t im e  b y  the  c o m p u te r o v e r the  m a n ua l m e thod . T h e  C C M M  a ls o
gave an a ve ra g e  sa v in g  o f 33, 9 p e rc e n t o v e r a C M M , a g a in  in d ic a t in g  
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th a t the  in s p e c to r  ga ined  th is  t im e  b y  b e in g  ab le  to  v e r i f y  h is  re s u lts  
q u ic k e r  w ith  c o m p u te r a s s is ta n c e . T h e  m a x im u m  s a v in g  be tw een  a 
c o m p u te r -a s s is te d  s y s te m  and a m a n u a l m e a s u r in g  m a ch in e  was 75 
p e rc e n t on a c y l in d e r  head w h ic h  in v o lv e d  a la rg e  am oun t o f hand c a l­
c u la t io n  on the  C M M , T h e re  w e re  no sav ings  on 2 p a r ts ; p o w e r take  
o ff h o u s in g  and p o w e r take  o ff  c o v e r, w h ich  w o u ld  suggest th a t som e 
p a r ts  a re  p a r t ic u la r ly  s u ite d  to  the  non c o m p u te r -a s s is te d  s y s te m s . 
S ince  the  t im e  in v o lv e d  in s p e c tin g  p a r ts  was g re a t ly  re d u ce d , a p r o ­
d u c tio n  m a ch in e  w ou ld  have m u ch  le s s  w a it in g  t im e  a f te r  i t  was se t 
up and b e fo re  i t  is  g iv e n  a p p ro v a l to  ru n  the  jo b . T h is  th e re fo re  gave 
a b e tte r  u t i l is a t io n  o f m a ch in e  to o ls , p ro d u c tio n  la b o u r , and a fa s te r  
f lo w  o f p ro d u c tio n  and le s s  " w o rk  in  p ro g re s s "  o v e ra l l .
A  p o in t w h ic h  shou ld  be h ig h lig h te d  is  th a t, f r o m  the  re s u lts ,  one 
C C M M  in s p e c to r  shou ld  p e r fo rm  the  w o rk  o f 4 s u r fa c e  p la te  m en in  
th e  sam e t im e  p e r io d  bu t th e re  a re  m a n y  v a r ia b le s  to  be co n s id e re d , 
not le a s t the  s k i l l  and e x p e rie n c e  o f the  C C M M  o p e ra to r  o f the  geo­
m e tr y  o f the  p ie c e  p a r t  to  be checked and th e  a c c u ra c y  re q u ire d  in  
the  d im e n s io n s . Some p a r ts  re a d i ly  lend  th e m s e lv e s  to  the  C C M M  
te ch n iq u e , w h ils t  o th e r  m a y  be a w aste  o f C C M M  t im e , o b v io u s ly  
p a r ts  m u s t th e re fo re  be c a re fu l ly  chosen f o r  C C M M s. (P la te  N o:4 . 6 
ap pea rs  w ith  A p p e n d ix  H ).
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4 .3  - T H E  E F F E C T S  O F NEW  M E A S U R IN G  M A C H IN E
T E C H N O LO G Y  O N  T H E  O R G A N IS A T IO N  O F  Q U A L IT Y  
C O N T R O L  a t  C A T E R P IL L A R , GLASGOW .
T h e  s p e c if ic  a im s  o f th is  s e c tio n  o f the  re s e a rc h  p ro je c t  a re  to  d e te r ­
m in e  w hat e ffe c ts  o f changes have been n e c e s s a ry  to  the  o rg a n is a tio n  
s t ru c tu re  and s y s te m s  o f q u a lity  c o n tro l a t the  G lasgow  P la n t o f 
C a te r p i l la r  T r a c to r  C om pany. In  d e ta il the  fo l lo w in g  a n a ly s is  w i l l  be 
m ade w ith  re g a rd  to  changes to  -
o Span o f c o n tro l due to  h o r iz o n ta l p re s s u re s  w h ic h  re q u ire  g re a te r  
and m o re  e ffe c t iv e  in te rp e rs o n a l re la t io n s h ip s  be tw een  the  
in d iv id u a ls  co n ce rn e d  w ith  th e  new te ch n o lo g y .
o N u m b e rs  o f le v e ls  o f m anagem ent and v e r t ic a l  p re s s u re s  w h ic h  
w ou ld  re q u ire  the  n e c e s s ity  to  a ss ig n  job  d u tie s  and re s p o n s ­
ib i l i t ie s  to  in d iv id u a ls  p o sse ss in g  a h ig h  le v e l o f te c h n ic a l kn o w ­
ledge  w ith  th e  new te ch n o lo g y .
o E s ta b lis h e d  lin e s  o f a u th o r ity  (d ire c t  o r  fu n c t io n a l) .
o In fo rm a tio n  f lo w  l in e s ,
o W o rk f lo w  d is c ip lin e s ,
o In fo rm a l and fo r m a l o rg a n is a tio n  s y s te m s .
O rg a n is a tio n  S tru c tu re  P r io r  to  the  In tro d u c t io n  o f C o m p u te r-  
A s s is te d  M e a s u r in g  M a ch in e s .
T h e  o rg a n is a tio n  of q u a li ty  c o n tro l a t C a te r p i l la r ,  G lasgow  p r io r  to  
the  in t ro d u c t io n  of c o m p u te r -a s s is te d  m e a s u r in g  m a ch in e s  in  1975 is  
show n d ia g ra m a t ic a l ly  in  F ig u re  No: 4. 1, T h e  span o f c o n tro l fo r  the  
d e p a rtm e n t w as 4 w h ile  the  m a x im u m  span w ith in  th e  sub d iv is io n  was 
7 ,th is  b e in g  a t m a ch in e  shop in s p e c tio n  w h e re  the  s u p e rin te n d e n t had 
4 f i r s t  s h if t  s u p e rv is o rs ,  1 second and 2 th i r d  s h if t .  T h e  n u m b e r o f 
le v e ls  w ith in  the  d e p a rtm e n t s t ru c tu re  was 4 ,c o n s is t in g  o f q u a lity  co n ­
t r o l  m a n a g e r, s u p e rin te n d e n ts , in s p e c tio n  s u p e rv is o rs  and w e e k ly  p a id  
p la n n e rs  o f m e ta l lu rg is ts  o r  h o u r ly  p a id  in s p e c to rs . T h e re  w e re  a 
to ta l o f 105 h o u r ly  p a id  in s p e c to rs  w o rk in g  in  the  a s s e m b ly  o r  m a ch in e  
shop in s p e c tio n  a re a s . T h is  re p re s e n te d  a span o f c o n tro l o f a p p ro x . 11 
h o u r ly  in s p e c to rs  to  each in s p e c tio n  s u p e rv is o r  w ith in  a g ive n  a re a  o f 
the  fa c to ry .  T h e  s u p e rin te n d e n t o f each s e c tio n  o f q u a lity  c o n tro l 
/ ,  . .  -1 8 2 -
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d ire c te d  h is  s u p e rv is o rs  who in  tu rn  gave a u th o r ity  to  the  in s p e c to rs  fo r  
the  p e r fo rm a n c e  o f th e i r  ass ig n e d  ta s k s . C o m m u n ic a tio n  channe ls  w e re  
s ta n d a rd is e d  and f a i r l y  c lo s e ly  l in k e d  w ith  th e  above h ie ra rc h y  of 
a u th o r ity  a lthou gh  th e re  was a lso  a good de gree  o f exchange o f a d v ice , 
c o n s u lta t io n  o r  in fo rm a t io n  be tw een  each o f th e  in s p e c tio n  s u p e rv is o rs . 
A l l  h o u r ly  in s p e c to rs  w e re  t im e  s e rv e d  e n g in e e rs  m a n y  w ith  a ca d e m ic  
o r  te c h n ic a l q u a lif ic a t io n s . T h e re  w e re  no in c e n tiv e  o r  bonus p a ym en t 
s y s te m s  o p e ra tin g  in  the  p la n t bu t a l l  in s p e c to rs  w e re  on the  to p  s k i l le d  
c ra f t  g ra d in g  in  a s t ru c tu re  w ith  seven  g ra d e s .
W o rk  A s s ig n m e n ts  fo r  Q u a lity  C o n tro l up to  1974.
T h e re  w e re  4 m a jo r  se c tio n s  w ith in  the  q u a l i ty  c o n tro l d e p a rtm e n t as 
show n in  F ig u re  No: 4 .1  -  n a m e ly  m e ta llu rg y , q u a lity  assu rance , 
m a c h in e  shop  and a s s e m b ly  in sp e c tio n . T h e  m e ta l lu rg ic a l  and a s s e m b ly  
a c t iv it ie s  a re  not p a r t  o f th is  re s e a rc h  p ro je c t  and w i l l  th e re fo re  not be 
d is cu sse d  fu r th e r .
Q u a lity  a s s u ra n c e  d iv is io n  had the  re s p o n s ib i l i ty  f o r  w o rk in g  w ith  
s u p p lie rs  o f p u rch a se d  f in is h e d  m a te r ia l ,  c a s tin g s , fo rg in g s  and o th e r 
u n fo rm e d  s te e ls . T he  essence o f th is  a c t iv i t y  w as to  m in im is e  the  
am oun t o f re je c te d  m a te r ia l  w h ich  cou ld  a r r iv e  a t th e  re c e iv in g  dock o r  
in to  th e  m a ch in e  shop fo r  p ro c e s s in g . T h is  d iv is io n  had 2 o th e r m a jo r  
d u tie s . One was to  have l ia is o n  w ith  the  u s e r o f th e  p r im e  p ro d u c t e ith e r  
the  agent o r  d e a le r  s e ll in g  a n d /o r  the  c u s to m e r u s in g  the  eq u ipm en t.
T h e  l ia is o n  a c t iv i t y  was to  p ro v id e  feedback  on q u a li ty  p ro b le m s  f r o m  
the  u s e r to  th e  m a n u fa c tu re r .  T h e  second du ty  f o r  q u a li ty  a ssu ra n ce  
was to  a c t as a s e rv ic e  to  the  m a ch in e  shop in s p e c tio n  b y  c o n tro ll in g ,  
is s u in g  and c a lib ra t io n  o f gauges, and to  c a r r y  out a u d its  on m a ch in e  
to o ls  to  d e te rm in e  i f  these  m ach in e s  w e re  capab le  o f m a in ta in in g  q u a lity  
s ta n d a rd s  o f p ro d u c tio n . T h e  peop le  w ith in  th is  o rg a n is a tio n  s tru c tu re  
fo r  q u a li ty  a s s u ra n ce  as show n in  F ig u re  No: 4. 1. c o n s is te d  o f a m a n ag e r 
one s u p e rv is o r  and th re e  m o n th ly  p a id  s ta f f  e n g in e e rs , s ix  w e e k ly  pa id  
p la n n e rs  and e ig h t b lu e  c o l la r  h o u r ly  p a id  in s p e c to rs  who hand led  the  
a fo re m e n tio n e d  gauges and c a lib ra t io n  s tu d ie s  on the  shop f lo o r .
-1 8 4 -
/ ...........
T h e  m a ch in e  shop in s p e c tio n  was the  la rg e s t  d iv is io n  w ith in  q u a li ty  
c o n tro l c o n s is t in g  o f one su p e rin te n d e n t, 8 m o n th ly  s u p e rv is o rs  and 
a p p ro x im a te ly  67 b lu e  c o l la r  in s p e c to rs  o rg a n is e d  o v e r a 3 - s h if t  24 - 
h o u r s y s te m . T h e  d u ties  o f th is  g ro u p  w e re  p r im a r i ly  co n ce rned  
w ith  c o n tro ll in g  the  q u a lity  of p ro d u c tio n  c o m in g  f r o m  the  m a ch in e  
shop. T h is  c o n tro l was g e n e ra lly  des igned  to  s e rv e  2 ke y  p u rpo se s  
s im u lta n e o u s ly  n a m e ly ,
1. T o  p ro v id e  data f o r  m a k in g  d e c is io n s  on the  p ro d u c t, th a t is ,  
does the  p ro d u c t c o n fo rm  to  s p e c if ic a tio n ?
2, T o  p ro v id e  data f o r  m a k in g  d e c is io n  on the  p ro c e s s , th a t is ,  
shou ld  th e  p ro c e s s  ru n  o r  stop?
Due to  th e  in te r r e la t io n  be tw een  p ro c e s s  and p ro d u c t v a r ia b le s , 
p ro c e s s  in s p e c tio n  in v o lv e d  o b s e rv a tio n  o f p ro c e s s  v a r ia b le s  as w e ll 
as in s p e c tio n  o f th e  p ro d u c t. M a ch in e  shop in s p e c tio n  a t G lasgow  
p la n t had 2 d is t in c t  s y s te m s  as fo llo w s
1. S e t-u p  A p p ro v a l -  P a t r o l  In s p e c tio n .
Some p ro c e s s e s  a re  in h e re n t ly  so s ta b le  i f  the  s e t-u p  was c o r re c t  
the  e n t ire  lo t  w i l l  be c o r re c t  w ith in  c e r ta in  l im i t s  o f lo t  s iz e . 
W hen the  f i r s t  p a r t  was ru n  o ff a f te r  in i t ia l  s e t-u p , the  in s p e c to r  
had to  m ake  a check, to  do th is  check he m a y  have been ab le  to  
check a l l  c r i t i c a l  d im e n s io n s  a t th e  m a ch in e  w ith  hand in s t r u ­
m en ts  o r  he m a y  have had to  ta ke  the  com ponen t b a ck  to  a s u r fa c e  
ta b le  -  m u ch  depended upon the  g e o m e try  o f the  com ponen t. In  
m o s t in s ta n ce s  the  p ro d u c tio n  m a ch in e  o p e ra to r  th ro u g h  h is  
s u p e rv is o r  w ou ld  not s ta r t  to  ru n  the  b a tch  u n t i l  a p p ro v a l was
g iv e n  on the  " f i r s t - o f f "  bu t i t  d id  happen th a t th e  d e c is io n  was
m ade to  ru n  even i f  the  in i t ia l  com ponent was re je c te d . T h is  
p ra c t ic e  was not p e c u lia r  to  C a te r p i l la r  bu t w as a fu n c tio n  of 
d e c is io n -m a k in g  b y  the  p ro d u c tio n  p e rs o n n e l th ro u g h  th e ir  own 
e x p e rie n c e  o f th e  m a c h in in g  o f the  p a r ts  and th e i r  need to  ru n  the  
schedu le  to  m ee t the  a s s e m b ly  l in e . H o w e ve r an a ve rag e  o f 85 
to  92 p e rc e n t o f the  ru n n in g  com ponents had s e t-u p  a p p ro v a l and 
the  c o n f l ic t  be tw een  in s p e c tio n  and p ro d u c tio n  was m in im a l.  A s  
the  b a tch  was ru n n in g  and a t the  s ta r t  o f each new s h if t ,  the  c o m ­
ponent w as aga in  checked  b y  a p a tro l in s p e c to r .  S o m e tim es  the  
in te r v a l  be tw een  checks was sh o rte n e d  i f  the  com ponen t had a 
h is to r y  o f p ro b le m s . In  any event the  m a ch in e  o p e ra to r  was h e ld  
acco un tab le  fo r  the  q u a li ty  o f h is  p ro d u c tio n  and had to  m e a su re  
and check  f re q u e n t ly  d u r in g  the  ba tch  ru n .
2. C h e c k -o u t In s p e c tio n .
A  lo t  b y  lo t  in s p e c tio n  p ro c e d u re  n a m e ly , c h e c k -o u t was c a r r ie d  
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a f te r  th e  p ro d u c tio n  d iv is io n  had conc luded  i ts  o p e ra tio n  and in  
the  case o f C a te r p i l la r ,  im m e d ia te ly  p r io r  to  go ing  to  a s s e m b ly  
o r  to  th e  re p la c e m e n t p a r ts  d is t r ib u t io n  c e n te rs . D epend ing  upon 
the  com ponen t, s a m p lin g  o f th e  lo t  co u ld  go f r o m  5 to  100 p e r 
cent bu t C a te r p i l la r  re fra in e d  f r o m  u s in g  s ta t is t ic a l  ra n d o m  
s a m p lin g  ta b le s  on these  ba tches  m a in ly  because  o f th e  s m a ll 
q u a n t it ie s , a m u ch  m o re  m e a n in g fu l e x e rc is e  was to  keep 
" m e d ic a l"  h is to r y  c a rd s  on the  p e r fo rm a n c e  o f each p a r t  b y  m a ­
ch in e  to o l. C h e c k -o u t in s p e c tio n  to  som e de g re e  was a heavy  
added co s t b u rd e n  to  p ro d u c tio n  because  i t  in v o lv e d  e x tra  m a te r ­
ia l  h a n d lin g , added f lo o r  space, lo s s  o f som e o rd e r  in  p ro d u c tio n , 
added in v e n to ry , and co n se q u e n tly  c a p ita l w as t ie d  up. G re a t 
d i f f ic u l t y  was found  in  f ix in g  in d iv id u a l r e s p o n s ib i l i ty  fo r  fa u lty  
o r  re je c te d  com ponen ts , e s p e c ia lly  w hen 3 ru n n in g  s h if ts  w e re  
in v o lv e d .
A  fu r th e r  a re a  c o n tro lle d  b y  the  m a ch in e  shop in s p e c tio n  s u p e r in te n ­
dent was th a t o f re c e iv in g  in s p e c tio n . T h is  c o n s is te d  o f one s u p e r­
v is o r  and 8 h o u r ly  p a id  in s p e c to rs  w hose p r im e  re s p o n s ib il i t ie s  w e re  
to  s c re e n  in -c o m in g  goods to  e n su re  th a t th e se  goods c o n fo rm e d  to  
C a te r p i l la r  s p e c if ic a t io n s .
In te r -R e la t io n s h ip  be tw een  Q u a lity  A s s u ra n c e  and M a ch in e  Shop 
In s p e c tio n  up to  1974.
S u m m a ris in g  the  ex te n t o f in te r - r e la t io n s h ip  b e tw een  these  2 d iv is io n s  
o f the  q u a li ty  c o n tro l o rg a n is a tio n  a t G lasgow  w o u ld  be as fo llo w s
o F o rm a l o rg a n is a t io n a l l in k s  e x is te d  be tw een  th e  m a n ag e rs  o f 
each d iv is io n .
o S u p e rv is o rs  o f m a ch in e  shop in s p e c tio n  a re a s  w ou ld  exchange 
a d v ice  and c o n s u lt w ith  the  q u a lity  a s s u ra n ce  s u p e rv is o r  and 
w e e k ly  p la n n e rs . T h is  was m o re  in fo rm a l th a n  fo r m a l in fo rm a ­
t io n  s y s te m s .
o R e p o rts  on m a ch in e  to o l c a p a b ility  s tu d ie s  w e re  is su e d  b y  q u a lity  
a ssu ra n ce  th ro u g h  the  o rg a n is a tio n  s t ru c tu re  to  m a ch in e  shop 
in s p e c tio n  s im u lta n e o u s ly  w ith  the  is su e  to  m a in te n a n ce  and 
p la n n in g  d iv is io n s  fo r  th e i r  a p p ro p r ia te  a c tio n s  w ith  the  c o r r e c t ­
io n  o f the  m a ch in e  to o l i f  n e ce ssa ry .
o No fu n c t io n a l lin e s  o f a u th o r ity  e x is te d  be tw een  th e  q u a lity  
a s s u ra n ce  and the m a ch in e  shop in s p e c tio n .
O rg a n is a tio n  S tru c tu re  a f te r  the  in tro d u c t io n  o f c o m p u te r -a s s is te d  
m e a s u r in g  m a ch in e s  in  1975.
T h e  B e g in n in g  o f a Change.
S ec tio n  4, 2 o f th is  c h a p te r d iscu sse d  the  deve lo p m en t o f in s p e c tio n  and 
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m e a s u r in g  m a ch in e s  at C a te rp i l la r ,  G lasgow . I t  was show n th a t the  
f i r s t  m a n u a l m e a s u r in g  m a ch in e s  had been in tro d u c e d  in  the  la te  
1960s b u t the  f i r s t  c o m p u te r -a s s is te d  m ach in e s  d id  not a r r iv e  u n t i l  
1975, T h e re fo re  p r io r  to  1975 th e re  was no re q u ire m e n t fo r  a 
s p e c ia l p la n n in g  a c t iv i t y  to  s u p p o rt these  e a r ly  m a n u a l s ys te m s  e x ­
cept p e rhap s  the  re c o m m e n d a tio n s  on w hat com ponen ts  shou ld  be pu t 
o v e r the se  m a ch in e s . In  1975 w ith  the  in t ro d u c t io n  o f tape p ro g ra m ­
m ed m e a s u r in g  m a ch in e s  the  need fo r  a s p e c ia l p la n n in g  "g roup  was 
c re a te d .
A s  was s ta te d  in  th e  p re v io u s  s e c tio n  of th is  c h a p te r, in  re p la c in g  
eq u ipm en t w ith  h ig h e r  c a p ita l cos t eq u ipm e n t, i t  was e s s e n tia l fo r  the  
f in a n c ia l v ia b i l i t y  o f th e  o p e ra tio n  th a t expected  p ro d u c t iv i ty  m a te r ia l ­
is e s  and th a t f u l l  u t i l is a t io n  o f the  new equ ipm en t was ach ieved . T he  
q u e s tio n  o f w o rk fo rc e  a tt itu d e  to  th is  aspect o f m e a s u r in g  m a ch in e  
u t i l is a t io n  w i l l  be d iscu sse d  e lse w h e re , bu t i t  is  n e c e s s a ry  and in t e r ­
e s tin g  at th is  p o in t to  re v ie w  th e  te c h n ic a l aspec ts  o f th e  e ffe c ts  of 
m e a s u r in g  m a ch in e s  on the  p ro d u c tio n  sy s te m . T h e  m a in  advantages 
c la im e d  by  m a n u fa c tu re rs  o f c o m p u te r -a s s is te d  c o -o rd in a te  m e a s u r­
in g  m a ch in e s  w e re  as fo l lo w s : -
1. F a s t tu r n  ro u n d  o f s e t-u p  p ie ce s  checked.
2. F a s te r  f lo w  o f p ro d u c tio n .
3. L e s s  m an  h o u rs  in v o lv e d  in  in s p e c tio n .
4. B e t te r  u t i l is a t io n  o f the  m a ch in e  to o ls  w h ic h  a re  s e rv ic e d  by  the  
m e a s u r in g  m a ch in e s .
5. R e p e a ta b il ity  o f re s u lts .
6. G re a te r  a c c u ra c y  of m e a s u re m e n t.
7. L e s s  w o rk  in  p ro g re s s .
8. M a ch in e  p ro v id e s  a p e rm a n e n t p r in t -o u t  o f re s u lts .
9. T r a in in g  o f o p e ra to rs  can be as s h o r t as 4 h o u rs .
10. Can g ive  te m p e ra tu re  c o r re c t io n  fo r  w o rk  p ie c e s .
11, R educed cos t o f f ix tu re s  and gauges.
T h e se  advantages had not a l l  been v a lid a te d  by  C a te r p i l la r 's  own 
e x p e rie n c e  bu t sa v in g s  in  in s p e c tio n  t im e  re s u lt in g  f r o m  the  use of 
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c o m p u te r -a s s is te d  C M M s in  c o m p a ris o n  w ith  s u r fa c e  p la te s  and 
m a n u a lly  o p e ra te d  C M M s had been v a lid a te d  and th e se  re s u lts  w i l l  be 
show n s h o r t ly  in  th is  s tudy . C o m p u te r-a s s is te d  C M M s a ls o  had som e 
d isa d va n ta g es , th e se  w e re ;-
o D o w n tim e  d oes  o ccu r  on CCMMs w h e r e a s  a s u r fa c e  tab le  has  
z e r o  dow n tim e,
o P r o g r a m m in g  s ta ff  m u st  be  h ired  or tra in ed .
o P e r ip h e r a l  equipm ent m u st  be  p u rch a sed  fo r  o f f ic e  u se ,  ex a m p le
a ca rd  p u n c h /v e r i f ie r  m a ch in e .
o S ta ff a re  re q u ire d  to  o p e ra te  p e r ip h e ra l e q u ip m e n t.
o I n s p e c to r s ,  s u p e r v is io n  and m a n a g em en t r e q u ir e  tra in ing;
N O T E : F o r  the  p u rp o se  o f a b b re v ia t io n s , C M M  is  a m a n u a lly  o p e ra ­
te d  c o -o rd in a te  m e a s u r in g  m a ch in e . C C M M  is  a c o m p u te r a s s is te d  
c o -o rd in a te d  m e a s u r in g  m a ch in e . See a lso  A b b re v ia t io n s  - page x i.
A t  C a te r p i l la r ,  G lasgow  P la n t in  1975, these  d isadvan tag es  w e re  
m in im is e d  s in ce  p la n n in g  p e rs o n n e l w ith in  th e  m a n u fa c tu r in g  d e p a r t­
m en t w e re  a lre a d y  em p loyed  on N. C , , m a ch in e  to o l p ro g ra m m in g  and 
tape  p unch in g  m a ch in e s  and tape o p e ra to rs  w e re  a lre a d y  em p loyed  
p ro d u c in g  N. C. , m a ch in e  tape s . A ls o , e x tra  s ta f f  in  the  q u a lity  
a ssu ra n ce  d iv is io n  w e re  not re q u ire d  fo r  the  new eq u ip m e n t s in ce  i t  
was c o n s id e re d  th a t th e  C C M M s reduce d  the  t im e  re q u ire d  to  be 
spent on in s p e c tio n  gauge and f ix tu r e  des ign , hence one p la n n e r was 
re d e p lo ye d  in i t i a l l y  on C C M M  p ro g ra m m in g  job s . T h is  p la n n e r was 
p ro m o te d  to  the  h ig h e s t te c h n ic a l w e e k ly  g ra de  a lo n g  s ide  the  a fo re ­
m e n tio n e d  N. C. , m a ch in e  to o l p ro g ra m m e rs . S p e c ia l t r a in in g  was 
g ive n  to  th e  w e e k ly  p la n n e r b y  the  s u p p lie r  o f th e  C C M M  w h ic h  in  th is  
case was F e r r a n t i  o f E d in b u rg h . T h is  p la n n e r in  tu r n  began to  t r a in  
h o u r ly  in s p e c to rs  on a l l  s h if ts  w ho had been s e le c te d  and a ss ig n e d  to  
the se  m a ch in e s  b y  the  m a ch in e  shop in s p e c tio n  m a nagem ent. I t  was 
o b se rve d  th a t changes began to  ta ke  p lace  in  the  o rg a n is a tio n  s y s te m  
as fo llo w s
o In fo rm a l c o m m u n ic a tio n  channe ls  deve loped  be tw een  the  in s p e c t­
ion  s u p e rv is o r  and the  C C M M  w e e k ly  s ta f f  p ro g ra m m e r .
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o L in e s  o f fu n c t io n a l a u th o r ity  began to  a ppe a r be tw een  the  C C M M  
in s p e c to r -o p e ra to r  and th e  w e e k ly  s ta f f  p ro g ra m m e r .
T h e se  changes seem ed to  be based on the  g ro w in g  d e p e n d a b ility  by
the  in s p e c tio n  s u p e rv is o r  and th e  m e a s u r in g  m a ch in e  o p e ra to r  on the
w e e k ly  p la n n e r  due to  h is  te c h n ic a l com pe tence .
T h e  Second C hange.
W ith  the  in tro d u c t io n  o f the  second c o m p u te r -a s s is te d  m e a s u r in g  m a ­
ch ine  (C C M M ) and th e  a ss ig n m e n t o f m o re  com ponen ts  f o r  m e a s u re ­
m e n t, fu r th e r  changes w e re  n e c e s s a ry  on the  o rg a n is a tio n  s tru c tu re .  
M o re  b lu e  c o l la r  h o u r ly  p a id  c ra f t  in s p e c to rs  w e re  ass ig n e d  to  th is  
e q u ipm e n t u n t i l  a te a m  o f 12 in s p e c to rs  c o v e r in g  3 s h if ts  w e re  a p p o in t­
ed and in  som e stage  o f t ra in in g .  2 a d d it io n a l w e e k ly  p a id  s ta f f  
p la n n e rs  w e re  a ss ig n e d  to  C C M M  tape  p ro g ra m m in g  and to  a s s is t  the  
f i r s t  p la n n e r on t r a in in g  h o u r ly  in s p e c to rs  and th e  d ia g n o s in g  o f p r o ­
b le m s  a s s o c ia te d  w ith  m e a s u r in g  m a ch in e s . T h e se  2 e x tra  p la n n e rs  
w e re  not m oved  to  the  to p  w e e k ly  g rade  bu t w e re  p ro m o te d  one g ra de  
above th e  o th e r  q u a li ty  a ssu ra n ce  p la n n e rs . T h is  second p ro m o tio n  
le d  to  som e d isc o n te n tm e n t am ong th e  re m a in in g  q u a li ty  a ssu ra n ce  
w e e k ly  p la n n e rs  on the  lo w e r  g rades  and lin e s  o f d e m a rc a tio n  began 
to  a ppea r in  the  v a r io u s  ta s k s  not d ir e c t ly  a s s o c ia te d  w ith  m e a s u r in g  
m a ch in e s . T h e  p ro b le m  was no t one o f inadequa te  s a la ry  le v e ls  bu t 
m a in ly  a q u e s tio n  o f wage d if fe re n t ia t io n  be tw een  p la n n e rs  who had 
p re v io u s ly  been a hom ogeneous w o rk  g roup  a l l  on the  sam e s a la ry  
g ra d in g  and due to  the  new m e a s u r in g  te ch n o lo g y  w e re  now s p li t  in to  
3 d if fe re n t  s a la ry  g ra d in g s  w ith in  the  w e e k ly  s t ru c tu re .
Changes in  th e  m a ch in e  shop in s p e c tio n  s y s te m s .
T h e  in s p e c to r -o p e ra to rs  o f th e  new m e a s u r in g  m a ch in e s  found  th a t
th e i r  r o le  o f in s p e c tio n  had changed because  w o rk  w o u ld  f lo w  f ro m
m a ch in e  to o ls  to  th e m  in s te a d  o f the  in s p e c to r  go ing  to  the  w o rk  in
th e  m a ch in e  to o l. T h e  th ro u g h p u t o f w o rk  on the  m e a s u r in g  m a ch in e s
in c re a s e d  at such a ra te  th a t w hen 2 in s p e c to rs  r e t i r e d  in  1976 and
a n o th e r in  1977, th e y  w e re  not re p la c e d . T he  lo s s  o f 3 in s p e c to rs
was o n ly  m i ld ly  con tes ted  b y  the  h o u r ly  t ra d e  un ion  a t th a t t im e . I t  
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w as c o n s id e re d  b y  som e in s p e c to rs  th a t re p la c e m e n t o f th e  r e t i r e d  
in s p e c to rs  w ou ld  le a d  to  le s s  o v e r t im e  w o rk in g  am ong  a l l  the  in s p e c t­
o r  g roup . A n o th e r  o b s e rv a tio n  a t th is  p o in t seem ed to  in d ic a te  th a t 
the  c ra f t  in s p e c to rs  though t i t  was a case th e y  co u ld  not w in  in  the  
lo n g  te rm , as the  fa c ts  w e re  e v id e n t to  th e m  th a t le s s  w o rk  had to  be 
m e a s u re d  by  hand due to  the  advan c in g  m e a s u r in g  te c h n o lo g y . T h is  
o b s e rv a tio n  tends to  c o r re la te  w ith  the  f in d in g s  o f S ayles in  h is  d is ­
cu ss io n  about th e  c o n s e rv a tiv e  w o rk  g roup  who w e re  c ra f t  w o rk  
g ro u p s  w hose d isp u te s  w e re  a lw a ys  re la te d  to  w ha t w e re  v ie w e d  as 
a tta c k s  on s ta tu s  o f th a t p a r t ic u la r  c ra f t  w o rk  g ro u p  (27). I f  a n y ­
th in g  th e  m e a s u r in g  m a ch in e  te ch n o lo g y  appea red  to  enhance the  
s ta tu s  o f the  in s p e c to r  bu t co n seq u e n tly  re d u ce d  th e  n u m b e rs  in v o lv e d  
o r  re q u ire d . T h e  re s is ta n c e  to  th is  change on th e  in s p e c to rs  has 
th e re fo re  been  m in im a l a t G lasgow  P la n t.
T h e  m a ch in e  shop in s p e c tio n  s u p e rv is o r  appea rs  to  have been d ra w n  
c lo s e r  to  th e  q u a li ty  a s s u ra n ce  s u p e rv is o r  in  an a lm o s t fo r m a l 
in fo rm a t io n  channe l. T h e  ke y  q u e s tio n s  on w ha t can and w hat cannot 
be checked  on th e  new m e a s u r in g  m a ch in e s  to g e th e r w ith  the  g ro w ­
in g  f r u s t r a t io n s  o f d o w n tim e  w ith  the  co m p le x  m e a s u r in g  m a ch in e s  
had le d  to  a h ig h e r  fre q u e n c y  o f co n ta c t. T h e  o b s e rv a tio n  m ade in  
c h a p te r 3 th a t th e  p ro d u c tio n  fo re m a n 's  ro le  in  the  m a ch in e  shop was 
b e in g  re d u ce d  to  one o f m an  m anagem ent due to  a d va n c in g  te ch n o lo g y  
such as c o m p u te r c o n tro lle d  N . C . , m a ch in e  to o ls , is  not a p p lic a b le  
to  the  in s p e c tio n  fo re m a n , who con tinues  to  have a w id e  ra n g e  of 
in s p e c tio n  a c t iv it ie s  w h ic h  a re  not co ve re d  b y  m e a s u r in g  m a ch ine  
te ch n o lo g y  and th e re fo re  is  not s u b je c t to  the  sam e e ffe c t o r  im p a c t 
as th a t o f the  p ro d u c tio n  s u p e rv is o r .
T h e  T h ir d  Change and C u r re n t S itu a tio n .
A  new re la t io n s h ip  had to  be deve loped  be tw een  the  q u a li ty  a ssu ra n ce  
and m a ch in e  shop in s p e c tio n  d iv is io n s  in  o rd e r  th a t in c re a s e d  e f f ic i ­
ency and h ig h  u t i l is a t io n  co u ld  be ga ined w ith  the  c o -o rd in a te  m e a ­
s u r in g  m a ch in e  e q u ip m e n t. T o  a ch ie ve  th e se  im p ro v e m e n ts , the
fo l lo w in g  changes w e re  in tro d u c e d ;- 
/ ..........  -1 9 0 -
o A  new d iv is io n  was c re a te d  know n as p ro d u c t q u a li ty  -  th is
re m o v e d  th e  r e s p o n s ib i l i ty  o f c u s to m e r l ia is o n  f r o m  the  q u a lity  
a ssu ra n ce  d iv is io n ,
o R e c e iv in g  in s p e c tio n  was t r a n s fe r re d  f r o m  the  a u th o r ity  o f the  
m a ch in e  shop in s p e c tio n  d iv is io n  to  q u a lity  a ssu ra n ce  so th a t 
the  m a ch in e  shop cou ld  c o n c e n tra te  on in te rn a l q u a l i ty  p ro b le m s  
o n ly  and p ro b le m s  co n c e rn in g  s u p p lie rs  be e m b ra ce d  b y  q u a lity  
a ssu ra n ce  d iv is io n  f r o m  the  re c e iv in g  docks ba ck  to  the  s u p p lie rs ,
o T h e  q u a li ty  a s s u ra n c e  C C M M  p la n n in g  g ro up  w e re  g ive n  a c le a re r  
fu n c t io n a l a u th o r ity  w ith  th e  C C M M  in s p e c to r -o p e ra to rs  and w e re  
ab le  to  is s u e  s to p  and s ta r t  in s tru c t io n s  in  th e  in te re s ts  o f a d d it io n a l
e ff ic ie n c ie s  and im p ro v e d  u t i l is a t io n .
O b s e rv a tio n s  on the  re s u lts  f r o m  the  above changes w o u ld  suggest th a t 
som e im p ro v e m e n ts  have been ach ie ve d  w ith o u t any a p p a re n t in te r  g ro u p  
d e te r io ra t io n  o f re la t io n s h ip s . A  d ia g ra m  o f the  c u r re n t  o rg a n is a tio n a l 
re la t io n s h ip s  be tw een  the  tw o  q u a lity  c o n tro l d iv is io n s  and th e  m a n u ­
fa c tu r in g  m a ch in e  shop  is  g ive n  in  F ig u re  No: 4. 2,
C o n c lu s io n s  on o rg a n is a tio n  changes.
O b se rve d  c o n c lu s io n s  f r o m  th e  e ffe c ts  o f new m e a s u r in g  m a ch in e  te c h ­
n o lo g ie s  on the  o rg a n is a tio n  s t ru c tu re  at C a te r p i l la r ,  G lasgow  a re  as 
fo llo w s
o Span o f C o n tro l (H o r iz o n ta l P re s s u re s )
I t  was o b se rve d  th a t h o r iz o n ta l p re s s u re s  c re a te d  b y  the  new m e a ­
s u r in g  te ch n o lo g y  in  the  q u a lity  a ssu ra n ce  d iv is io n  u lt im a te ly  le d  
to  the  need fo r  a w id e r  span o f c o n tro l a t the  to p  o f the  s tru c tu re .  
W ith  a c o rre s p o n d in g  in c re a s e  in  the  n u m b e r o f p la n n e rs  w ith in  the  
q u a lity  a ssu ra n ce  p la n n in g  se c tio n , the  span o f c o n tro l d id  not
w id en , b u t the  ta s k s  o f h a lf  o f th e  p la n n e rs  changed. T h e  Span o f 
c o n tro l in  the  m a ch in e  shop in s p e c tio n  d e c re a se d  in  an e f fo r t  to  g ive
g re a te r  e m pha s is  to  the  new m e a s u r in g  te c h n o lo g y . T h e  re s u lta n t 
e ffe c t was a m o re  e ffe c t iv e  in te rp e rs o n a l re la t io n s h ip  be tw een  the  
in d iv id u a ls  co n ce rn e d  w ith  the  new te ch n o lo g y .
o L e v e ls  of C om m and  (V e r t ic a l  P re s s u re s )
T h e re  w e re  no a d d itio n s  o r  re d u c tio n s  o f le v e ls  o f com m and  ob ­
s e rv e d  due to  the new te ch n o lo g y . T h e  re a s s ig n m e n t of the  w e e k ly  
p la n n e rs ' d u tie s  e v e n tu a lly  in c re a s e d  th e ir  in f lu e n c e  bu t th e y  d id  not 
m ove  o u tw ith  the p re v io u s ly  e s ta b lis h e d  s t ru c tu re .
-191-
F i g u r e  Nor 4. 2
hj qîu c
a  ^
G ^  ^ O
^  § 
!!
5’G
>c
G o.
pî P
3 3P 3
Oq FG P
3 o
3
3
3Oq
U1
C 3
"G CQ PG G G3 G =TO3 3GG O
-g33 . 3G.G o
3 G
« fG PJ
#— ^  i
IG ‘ ^ :....-.G *
^  §(T I—1
3.4-'
U
3■3-Q
>  ^
G 3G ,P
3 PI-’P ^
G
G
O
>
O
g
g
o
FI
H
a
g
H
g
H
O
§
g
H
H
S
0
>
g
1
ca
>
a
O
- 1 9 2 -
o L in e s  of A u th or ity .
T h e  w e e k ly  s ta ff  p la n n ers  in i t ia l ly  took fu n ctio n a l a u th or ity  w ith the  
CCMM o p e r a to r s  -  th is  w as  ev en tu a lly  a c c e p te d  a s  th e  m o s t  e f f e c t ­
iv e  m eth od  of op era tio n . D ir e c t  l in e  au th or ity  r e m a in s  w ith the  
in s p e c t io n  s u p e r v i s o r ,
o In form ation  F lo w  L in e s ,
T h e  d ep en d en ce  upon the  new tech n o lo g y  fo r c e d  new dem an ds upon 
the n eed  fo r  c l o s e r  c o m m u n ica t io n  l in k s  b e tw e e n  the  w h ite  c o l la r  
o ff ic e  fu n ction  and th e  b lue  c o l la r  m a ch in e  shop  fu n ction  at both  
s u p e r v is o r y  and non s u p e r v is o r y  l e v e l s .
o W ork F lo w  D is c ip l in e s .
M a te r ia l  to  b e  ch eck ed  is  m o v e d  p h y s ic a l ly  f r o m  the m a ch in e  to o l  
w h e r e  it w a s  fo r m e d  into  a com ponent to  th e  in s p e c to r  at the  m e a ­
s u r in g  m a c h in e  and then  to a s s e m b l y  or  s to r a g e .  P r e v io u s ly  w ork  
w as c h e ck ed  at th e  m a c h in e  to o l  by the in s p e c to r ,  (Random  in s p e c t ­
ion  co n tin u es  to  be c a r r ie d  out at the  check out s ta t io n s  as  p r e v io u s ly  
d is c u s s e d  but th is  i s  a l s o  red u c in g  due to th e  in c r e a s e d  throughput  
b y the  m e a s u r in g  m a c h in e s ) .
o F o r m a l  and In fo rm a l O r g a n isa t io n  S y s te m s ,
Much of th e  in fo r m a l s y s t e m s  w hich  g r ew  up in i t ia l ly  w ith the m e a ­
s u r in g  m a c h in e s 'e a r ly  in trod u ction  h ave  b e e n  c o n v e r ted  into fo r m a l  
p r o c e d u r e s .  In fo rm a l s y s t e m s  r e m a in  w ith  the r e la t io n s h ip s  b e ­
tw e en  CCMM in s p e c t io n - o p e r a t o r s ,  m a ch in e  to o l  o p e r a to r s  and 
prod u ction  l in e  s u p e r v i s o r s ,  th is  is  due to th e  d i f fe r e n c e  of d ep a rt­
m e n ta l  fu nction .
o M anpow er C h an ges .
F ig u r e  No; 4 .3  sh o w s  that the m a n a g e r s  have  in c r e a s e d  fr o m  5 to  
6 with the in c r e a s e d  sp a n  of c o n tr o l  and m o n th ly  paid  s ta ff  h ave  
red u ced  fr o m  18 to  17 w ith  the  p ro m o tio n  of one m an  to m a n a g er  
l e v e l .  W e ek ly  s ta ff  e m p lo y e e s  have  r e m a in e d  con stan t at 25 but 
w ith in c r e a s e d  in f lu en ce  a s  p r e v io u s ly  d is c u s s e d ,  and b lu e  c o l la r  
h o u r ly  in s p e c t o r s  h a v e  red u ced  fr o m  102 to 97 - th r e e  r e t ir e m e n t s  
in th e  m a c h in e  sh o p  and two in s p e c to r s  who le f t  th e  co m p a n y  fo r  
oth er  r e a s o n s  fr o m  the a s s e m b l y  in sp ec tio n  group. (T h e s e  in s p e c t ­
o r s  w e r e  not r e p la c e d  in a s s e m b l y  fo r  r e a s o n s  not a s s o c ia t e d  w ith  
the  m e a s u r in g  m a ch in e  tech n o lo g y ) .
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4. 4 - TH E PSYCH OLO GICAL A D VANTAG ES GAINED BY P E O P L E  
WITH NEW TECHNOLOGY.
C r a ftsm e n  o p e r a to r s  of new m e a s u r in g  m a c h in e s  at C a te rp il la r ,  
G lasgow  c la im e d  that th ey  h a v e  ga in ed  in c r e a s e d  s ta tu s  and o ther  
p s y c h o lo g ic a l  ad van tages  s in c e  th e ir  a s s ig n m e n t  to  th is  new te c h n o ­
lo gy .
T h e  p u rp o se  of th is  in v e s t ig a t io n  on the  f e e l in g s  and opin ions of cra ft  
in s p e c to r s ,  a s s ig n e d  to  o p era t in g  th e  new m e a s u r in g  m a c h in e s ,  w as  
to  d e te r m in e  th e  fo l lo w in g  po in ts  in r e la t io n s h ip  to  the  e f fe c t s  of the  
new te c h n o lo g y ,
o Had th e  o p e r a to r  e x p e r ie n c e d  any change in  h is  s ta tu s?
o D id  th e  o p e r a to r  f e e l  m o r e  or  l e s s  s e l f  a s s u r e d  w ith  h is  job
p e r fo r m a n c e ?
o W as th e r e  c o n c e r n  o v e r  the  c o m p le te  c o m p r e h e n s io n  of the  
u t i l i sa t io n  of the equipm ent?
o In h is  r e la t io n s h ip  to m a ch in e  o p e r a to r s ,  did th e  o p e ra to r  f e e l  
that h is  in f lu e n c e  to p e r su a d e  had changed?
o D id th e  o p e r a to r  f e e l  that h is  p ow er  of a u th o r ity  d e r iv ed  fr o m
the in t r in s ic  d e ta i l s  of the  ta s k  had changed  h is  su b ord in ate  or  
s u p e r -o r d in a t e  r e la t io n sh ip  w ith the p rod u ct ion  l in e  s u p e r v iso r ?
o W as the o p e r a to r  m o r e  or l e s s  s a t i s f ie d  w ith  th e  nature  of h is  
w ork  a c t iv ity ?
F r o m  the l im ite d  p r io r  r e s e a r c h  in the l i t e r a tu r e  to  the w hole  q u e s t ­
ion  of how s k i l l e d  c r a f t s m e n  h ave  r e a c te d  to new tech n o lo g y , and in  
p a r t ic u la r ,  te c h n o lo g y  w hich  a p p a ren tly  ten d s  to  d e - s k i l l  or  w h e r e  
l e s s  k n ow led ge  is  r eq u ir ed ,  f in d in gs  s u g g e s t  that the e ffec t  on the  
o p e r a to r  h as  r e s u l t e d  in h im  h av in g  a n eg a t iv e  att itud e  to the new  
te c h n o lo g y . Abbot o b s e r v e d  in a r e c e n t  stud y  of 9 e n g in e e r in g  f ir m s  
in B r i ta in  that fr o m  a long  t e r m  and g e n e r a l  point of v ie w , te c h n o ­
lo g ic a l  d e v e lo p m e n t of an outstanding  nature  h as  tended  to a ffec t ,  and 
to  be  m o s t  r e s i s t e d  by the s k i l le d  c r a f t s m e n  w ith in  f i r m s .  Abbot  
fu rth er  o b s e r v e d  that in s o m e  c a s e s ,  m a n a g em en ts  had in trod u ced  
w e e k ly  p r e m iu m  p a y m en ts  fo r  the o p e r a to r s  of new m a c h in e r y  as a 
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p a c i f ic a to r y  ta c t ic  w h e r e  r e s i s t a n c e  w as  e n c o u n tered  (14). W hile  
th e r e  h as  b e e n  m u ch  p r io r  r e s e a r c h  on the a tt itu d es  of u n sk il led  
o p e r a to r s  a ffec te d  by autom ation , B righ t (38), S a y le s  (27) and to a 
l e s s e r  d e g r e e ,  on th e  e f fe c t s  on p eo p le  who s e r v i c e  th e  new te c h n o ­
lo g ie s  su ch  a s  m a in ten a n ce , to o lm a k e r s  and c o m p u te r  s ta f f s ,  Scott  
(39), M um ford  (40), th e r e  h a s  b e e n  few  r e p o r t s  on c r a f t s m e n  w h o se  
c e n tr a l  ta s k s  have  b e e n  changed by new tech n o lo g y . One ex cep t io n  to  
th is  h a s  b e e n  the w ork  of H a ll  and M il le r ,  who noted  in th e ir  r e s e a r c h  
that in  ad d it ion  to f e a r  of red und ancy  and l o s s  in  e a r n in g s ,  the m a jo r  
s o u r c e s  of o p p o s it io n  to  m e c h a n is a t io n  on the part of s k i l l e d  c r a f t s ­
m e n  tr a d it io n a l ly  h ave  b e e n  fe a r  of l o s s  of in t r in s ic  job s a t i s fa c t io n  
and s ta tu s  as  a r e s u l t  of d ilu tion  of s k i l l s  (41).
T h is  r e s e a r c h  i s  of in t e r e s t  as  it e x a m in e s  the r e a c t io n  and a tt itu d es  
of c r a f t s m e n  r e la te d  to  new te c h n o lo g y  app lied  d ir e c t ly  to  th e ir  
in t r in s ic  t a s k s .  In add ition  to  te s t in g  th e  a tt itu d es  of th e  48 cra ft  
in s p e c to r s  who w e r e  a s s ig n e d  to the new te c h n o lo g y  o v e r  a p er io d  of 
y e a r s ,  the  r e s e a r c h  a l s o  in c lu d ed  o th er  craft in s p e c t o r s  who w e r e  
w ork in g  w ith  co n v en tio n a l m e a s u r in g  tech n o lo g y , su ch  as  s u r fa c e  
p la te s ,  hand m e a s u r in g  in s tr u m e n ts  and f ix tu r in g . T h is  group of 
cra ft  in s p e c t o r s  w e r e  in c lu d ed  in  th e  w hole  a ttitude s u r v e y  in  an 
attem p t to  e s t a b l i s h  a c o n tro l  group not su b jec t  to change , c lo s e  to  
the new te c h n o lo g y  but not u s in g  it. T h e r e  w e r e  a to ta l  of 24 cra ft  
in s p e c to r s  in  the c o n tr o l  group.
T a b le  No: 4 .1
R e su l t s  of the  A ttitude  S u rv ey  
C han ges  in  Status.
A l l  of th e  o p e r a to r s  in the group of 48 c o n s id e r e d  that th ey  had e x ­
p e r ie n c e d  an im p r o v e m e n t  in th e ir  s ta tu s  s in c e  th e ir  a s s ig n m e n t  onto 
the  new te c h n o lo g y . A p p ro x im a te ly  2 6 o p e r a to r s  or  s l ig h t ly  m o r e  
than h a lf  of th e  group s ta te d  that th ey  had ga in ed  m u ch  m o r e  s ta tu s ,  
w h ile  the b a la n ce  of 22 o p e r a to r s  thought th ey  had s im p ly  gained  
m o r e  s ta tu s .  A n a ly s in g  th is  p o s i t iv e  r e s u l t  in  g r e a t e r  depth p r o ­
d u ces  s o m e  in t e r e s t in g  im p lic a t io n s ,  a s  the o p e r a to r s  did not enjoy
any of the fo l lo w in g  e x t r in s ic  b en e f it s  due to  the  new a s s ig n m e n t ,
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o Job e v a lu a tio n  g ra d in g  and wage le v e l re m a in e d  th e  sam e.
o C o n d itio n s  o f w o rk  in  the  e n v iro n m e n ta l sense w e re  unchanged.
o No s p e c ia l b e n e fits  such  as c lo th in g  and o th e r p e rs o n a l a t t i r e
w e re  g iven .
o T h e  c ra f t  in s p e c to rs  se le c te d  f o r  th e  o p e ra tin g  jobs  w e re  m o re
o r  le s s  tho se  w hose w o rk  was b e in g  a b so rb e d  b y  the  new te ch n o ­
lo g y . T h e re fo re  th e re  was no s p e c ia l q u a li f ic a t io n  such as y e a rs  
o f s e rv ic e , o ld e r ,  yo u n g e r, p h y s ic a l o r  o th e r  c o n d itio n s  se t 
down as p re re q u is ite  fo r  s e le c tio n . •
T h e  above fa c to rs  in d ic a te  th a t the  o p e ra to r  d e r iv e d  the  fe e lin g  of 
in c re a s e d  s ta tu s  p u re ly  f r o m  the  in t r in s ic  n a tu re  o f the  new te c h n o ­
lo g y . T h e  m e a s u r in g  m a ch in e s  a t C a te rp i l la r ,  G lasgow  w e re  la rg e  
s tru c tu re s  w ith  p e r ip h e ra l s u p p o rt equ ipm e n t such  as m in i  com pu te rs^  
e le c t ro n ic  c o n tro ls ,  a u to m a tic  p r in t in g  fa c i l i t ie s ,  a l l  o f w h ic h  w e re  
new and fo re ig n  to  th e  m a ch in e  shop. I n i t ia l l y  w hen the  equ ipm en t 
w as in s ta lle d  o th e r  em p loyees cam e to  o b se rve  th e  e q u ip m e n t in  
o p e ra tio n  s im i la r ly  as happened w ith  the  N. C . , m a ch in e  to o ls  w hen 
th e y  w e re  f i r s t  in s ta lle d  at G lasgow  P la n t in  1966 (see c h a p te r 3, 
page 122).
T h e  a c tu a l o p e ra tio n  and w o rk in g s  o f the  m e a s u r in g  m a ch in e  cou ld  
no t be so e a s ily  in te rp re te d  b y  an o n lo o k e r as w ou ld  be an N. C. , 
m a ch in e  to o l.  T h e  re a s o n  fo r  th is  was th a t the  in s p e c to r -o p e ra to r  
had to  fo l lo w  a sequence o f p ro b in g s  w h e re  he w o u ld  appea r to  be 
s im p ly  to u c h in g  the  com ponen t in  m e a s u re m e n t w ith  an e le c tro n ic  
s te e l p e n c il.  E ach  to u ch  was fo llo w e d  b y  an a u d ita b le  con ta c t and a 
c o rre s p o n d in g  a u to m a tic  p r in t in g  on a ty p e w r ite r .  T e c h n ic a lly  the  
b lu e p r in t  g e o m e try  o f the  com ponent had been p re v io u s ly  d ig it is e d  
and p ro g ra m m e d  in to  the  m in i  c o m p u te r m e m o ry . T h e  in s p e c to r -  
o p e ra to r  m e re ly  in p u ts  a c tu a l d ig it is e d  m e a s u re m e n ts  in to  the  m in i 
c o m p u te r w h ic h  a re  checked e le c t ro n ic a lly  a g a in s t the  b lu e p r in t .
One can co m p a re  th is  above e le c tro n ic  w iz a r d r y  w ith  the  co n ve n tio n a l 
hand s k i l ls  and hum an  a r i th m e t ic a l c a lc u la tiv e  e x e rc is e s  p re v io u s ly  
c a r r ie d  out b y  the  in s p e c to r  and conc lude  th a t th e  in s p e c to r -  
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o p e ra to r  w o u ld  d e r iv e  g re a te r  s a t is fa c t io n  f r o m  the  new te ch n o lo g y  
and th e re fo re  in c re a s e  in  s ta tu s  in  re la t io n s h ip  to  o th e r  in s p e c to rs . 
T h e  24 m e m b e rs  o f the  c o n tro l g ro up  w e re  le s s  c o n c lu s iv e  w ith  r e s ­
p ec t to  th e i r  e xp e c ta tio n s  o f s ta tu s  had th e y  been g iv e n  the  o p p o r tu n ity  
to  o p e ra te  th e  new m e a s u r in g  equ ip m en t. A p p ro x im a te ly  18 of the  
c o n tro l g ro u p  though t th e y  cou ld  g a in  s ta tu s  w h ile  6 in s p e c to rs  co n ­
s id e re d  th e ir  s ta tu s  w ou ld  not change. T h is  g ro u p  o f in s p e c to rs  
w h ile  not a c tu a lly  o p e ra tin g  the  new equ ipm en t, w o u ld  have a good 
u n d e rs ta n d in g  o f how  the  equ ipm en t ope ra te d  and to  som e de gree , 
com p re h e n d  m u ch  b e t te r  th a n  the  non in s p e c tio n  e m p lo ye e , w ha t the  
in p u t and ou tpu t a c t iv it ie s  w e re  a l l  about. T h is  n o tio n  im p lie s  th a t 
a p a rt f r o m  the  d i f f ic u l t y  o f kn o w in g  w hat s ta tu s  one w o u ld  d e r iv e  w ith ­
out a c tu a lly  e x p e r ie n c in g  i t ,  the  c o n tro l g roup  in s p e c to rs  in d ic a te d  th a t 
th e y  expect le s s  im p a c t o r  fe e lin g  o f change due to  th e  new te ch n o lo g y .
S e lf A s s u ra n c e .
S e lf a s s u ra n c e  in  th is  s e c tio n  o f the  re s e a rc h  is  d e fine d  as h a v in g  the  
con fide n ce  to  p e r fo rm  the  ta s k  on hand. S ta t is t ic s  o b ta ine d  f r o m  the  
a tt itu d e  s u rv e y  on q u e s tio n s  1, 2 and 3 (see A p p e n d ix  I) showed th a t the  
o p e ra to rs  o f the  new te ch n o lo g y  had on a ve rag e  2 y e a rs  2 m on ths  
e x p e rie n c e  on the  new m e a s u r in g  m a ch in e s , w e re  36 y e a rs  o f age and 
had had 8 y e a rs  1 m on th  e x p e rie n c e  in  the  in s p e c tio n  f ie ld  in  to ta l.
In  a d d it io n  to  th is ,  a l l  o f the  o p e ra to rs  w e re  t im e -s e rv e d  c ra fts m e n  
in  g e n e ra l e n g in e e r in g  and, a c c o rd in g  to  q u e s tio n  14 o f the  s u rv e y , 
a lm o s t a l l  had e d u c a tio n a l q u a lif ic a t io n s  in  e ith e r  L o n d o n 's  C ity  & 
G u ild s  o r  N a tio n a l C e r t if ic a te s .  T a b le  No; 4. 1 shows th a t the  o p e r­
a to r  g ro up  by  m a jo r i t y  fe l t  m o re  s e lf  a s s u re d  about w o rk in g  on the 
new e q u ip m e n t. In  to ta l 31 o p e ra to rs  fe l t  m o re  o r  m uch  m o re  
a g a in s t a g ro up  o f 17 w ho co u ld  not d is c e rn  any d if fe re n c e  in  s e lf  
a ssu ra n ce .
A n a ly s in g  th e se  re s u lts  w ou ld  in d ic a te  th a t w h ile  th e re  was som e 
in i t ia l  le a rn in g  on the  o p e ra tio n  o f the  m e a s u r in g  m a ch in e , th e  c ra f t  
in s p e c to rs  on a ve rag e  had com e to  th is  new a ss ig n m e n t w ith  a co n ­
s id e ra b le  d eg ree  o f e x p e rie n c e  and te c h n ic a l q u a lif ic a t io n s  as show n
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in  the  ab ove m e n tion e d  s ta t is t ic a l  a n a ly s is . Indeed  th e  in s p e c to r  i f  
n e c e s s a ry , co u ld  have ta ke n  m o s t com ponents and m e a su re d  th e m  b y  
c o n v e n tio n a l m e th o ds . T h e  new te ch n o lo g y , was in  the  in te rp re ta t io n  
o f th is  a n a ly s is , an e x tra  to o l in  the  in s p e c to r 's  w o rk  b aske t. T h is  
a tt itu d e  is  re p lic a te d  in  a s im i la r  m a n n e r w ith  the  e xp e c ta tio n s  o f the  
c o n tro l g ro u p  who, w ith o u t kn o w in g  th e  f u l l  advantages o f the  m e a ­
s u r in g  m a ch in e s , c a r r ie d  s u ff ic ie n t con fidence  f r o m  past e x p e rie n c e  
f o r  13 o f th e i r  m e m b e rs  to  expect m o re  s e lf  a s s u ra n c e .
C o n ce rn  f o r  new fa n g le d  te ch n o lo g y .
T h e  e le c tro n ic s  and a sso c ia te d  c o m p u te r equ ipm en t d id  no t a p p a re n tly  
cause any h ig h  de g re e  o f c o n c e rn  am ong the  o p e ra to rs  o f the  new 
e q u ip m e n t. E x a c t ly  h a lf  o f th e  o p e ra to r  g ro up  e x p re s s e d  a n e u tra l 
a tt itu d e  to  th is  q u e s tio n  w h ile  13 c la im e d  som e c o n c e rn . ( I t  w as not 
e s ta b lis h e d  w h e th e r th e re  was any d if fe re n c e  in  e x p e rie n c e  be tw een  
the  o p e ra to rs  e x p re s s in g  le s s  co n c e rn  and those  e x p re s s in g  m o re , 
b u t i t  co u ld  have been b a s ic a lly  a q u e s tio n  o f d if fe re n c e s  in  le a rn in g  
c u rv e  p o s it io n  w h ic h  w ou ld  a lte r  w ith  t im e ) .  T h e  m e m b e rs  o f the  co n ­
t r o l  g ro up  showed th a t th e y  expected  to  have c o n c e rn , at le a s t in i t ia l ly  
w ith  the  new eq u ipm en t. A  to ta l o f 13 in d ic a te d  th is  a g a in s t a ba la n ce  
o f 11 who fe l t  th a t th e y  w o u ld  have about the  sam e typ e  o f te c h n o lo g i­
c a l ch a lle n g e  as th e y  had in  th e ir  c u r re n t  a s s ig n m e n ts .
In flu e n c e  o v e r m a ch in e  o p e ra to rs .
T h e  p r in c ip a l  ta s k  o f the  in d u s t r ia l  c r a f t  in s p e c to r  in  m a n u fa c tu r in g  
in d u s try  is  to  s e rv e  th e  p ro d u c tio n  o p e ra tio n  b y  d e te c tin g  e r r o r s  o r  
fa u lts  in  the  p ro d u c t o r  com ponents and o ffe r in g  h is  jud g e m e n t fo r  
c o r re c t iv e  a c tio n . In  m a n y  c irc u m s ta n c e s  th e  s tre n g th  o f th a t ju d g ­
m en t is  re la te d  to  the  s u p p o rtiv e  te ch n o lo g y  th ro u g h  w h ic h  he a ch ie ve d  
the se  re s u lts .  T h e  a im  o f th is  q u e s tio n  was to  d e te rm in e  had the  new 
m e a s u r in g  m a ch in e  changed the  in s p e c to r 's  p e rs u a s iv e  in flu e n c e  o v e r 
th e  m a ch in e  o p e ra to r  such as a d v is in g  th a t o p e ra to r  to  c o r re c t  a fa u lt  
o r  p o s s ib le  p o te n t ia l fa u lt  in  the  m a ch in e  to o l. T a b le  No: 4,1 in d ic a te s  
th a t th e re  w as a d iv is io n  of o p in io n  am ong the  o p e ra to r - in s p e c to rs .  
H a lf  o f the  g ro u p  fe l t  th e re  was no change w h ile  the  o th e r h a lf  had the  
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th e  o p in io n  th a t th e i r  in f lu e n c e  had in c re a s e d  w ith  the  m a ch in e  o p e r­
a to r . T h e  c o n tro l g ro up  w e re  le s s  co n fid e n t about th e i r  expectan t 
in flu e n c e  o v e r th e  m a ch in e  o p e ra to r  as 15 in s p e c to rs  to o k  a n e u tra l 
p o s it io n ; 2 th ough t th e y  w ou ld  have le s s  in f lu e n c e  and 7 a n tic ip a te d  
m o re . A g a in  th e  d if f ic u lt ie s  f o r  the  c o n tro l g ro up  w e re  in  not h a v in g  
had a c tu a l e x p e rie n c e , coup led  w ith  2 o th e r fa c to rs  n a m e ly , the e x is t ­
in g  in te r - r e la t io n s h ip  w ith  the  m a ch in e  o p e ra to rs  and the  c u r re n t 
q u a li ty  le v e l o f th e  ou tpu t. A  h ig h  s c ra p  p e rce n ta g e  is  u n lik e ly  to  
d e c re a se  s im p ly  due to  an im p ro v e d  m ethod  o f m e a s u r in g  (a lthough  i t  
cou ld  h e lp  to  d e te c t tre n d s ) . T h e re  was no s ig n if ic a n c e  d ra w n  f r o m  
the  re sp o n se  to  th is  q u e s tio n  b y  b o th  o p e ra to r  and c o n tro l g ro up s .
P o w e r o f A u th o r it y  w ith  l in e  p ro d u c tio n  s u p e rv is o r .
R e la tio n s h ip s  be tw een  w o rk  g roups has been the  s u b je c t o f m uch  r e ­
s e a rc h  in  th e  l i t e r a tu r e .  C h in o y  o b se rve d  in  h is  s tu d y  o f the  c a r  
a s s e m b ly  w o rk , a la rg e  g u lf e x is t in g  be tw een  m an age m en t and shop - 
f lo o r  o p e ra tiv e s ; th e  fo re m a n 's  c a p a c ity  to  e x e rc is e  "h u m a n  re la t io n s "  
s k i l ls  was e x tre m e ly  c o n s tr ic te d  by  p h y s ic a l- te c h n ic a l co n d itio n s  (34), 
T h e  w o rk  of L e o n a rd  S ayles is  in te re s t in g  in  th is  co n n e c tio n . He 
id e n t if ie s  4 b e h a v io u ra l p a tte rn s  o b se rve d  in  w o rk in g  g roups  and he 
c a lls  the se  a p a th e tic , s t ra te g ic ,  e r r a t ic  and c o n s e rv a tiv e . T h e  co n ­
s e rv a t iv e  w o rk  g ro up  he d e s c r ib e s  as the  c ra f t  w o rk  g ro up  w hose d is ­
pu tes  a re  a lw a ys  re la te d  to  w ha t a re  v iew e d  as a tta c k s  on the  s ta tu s  
o f th a t p a r t ic u la r  w o rk  g ro u p  (27), T h is  re s e a rc h , h a v in g  show n th a t 
the  s ta tu s  o f th e  c ra f t  in s p e c to r  had a p p a re n tly  in c re a s e d , now o b se rve s  
th a t th e re  is  a chang ing  re la t io n s h ip  be tw een  th e  in s p e c to r -o p e ra to r  of 
th e  m e a s u r in g  m a ch in e  and the  p ro d u c tio n  l in e  s u p e rv is o r  in  te rm s  of 
a u th o r ity  o f ta s k . T he  fo r m a l re la t io n s h ip  be tw een  the  in s p e c to r  and 
th e  p ro d u c tio n  l in e  s u p e rv is o r  is  not a d ire c t  l in e  o f m an  m anagem ent 
a u th o r ity .  T h e  re la t io n s h ip  is  fu n c tio n a l a u th o r ity  as the  in s p e c to r  has 
h is  own s u p e rv is o r .  H o w e ve r th e  p ro d u c tio n  l in e  s u p e rv is o r  has a 
d ire c t  access to  th e  in s p e c to r  and is  dependent to  som e degree  on th a t 
in s p e c to r 's  a fo re m e n tio n e d  ju d g m e n t and a lso  h is  c o -o p e ra tio n . T he  
a im  of th is  q u e s tio n  was to  d e te rm in e  i f  the  o p e ra to r  o f the  new 
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m e a s u r in g  te c h n o lo g y  had c o n s id e re d  th a t h is  p o w e r o f a u th o r ity  con ­
c e rn in g  ta s k  d e c is io n s  had changed. ( It has a lre a d y  been show n in  
C h a p te r 3 th a t the  p ro d u c tio n  l in e  s u p e rv is o r 's  r o le  tended  to  re d u ce  
to  th a t o f m an  m angem en t due to  the  d e ve lop m en t o f N . C, equ ipm en t 
and the  e ffe c ts  o f th e  c o m p u te r) . T a b le  No: 4.1 in  th is  s e c tio n  o f the  
re s e a rc h  s tro n g ly  im p lie s  th a t th e  o p e ra to rs  had c o n s id e re d  th a t th e i r  
p o w e r had in c re a s e d  as o n ly  10 out o f the  to ta l o f 48 o p e ra to rs  showed 
a no change a tt itu d e , the  ba lance  o f 38 c la im e d  th a t th e y  had ga ined  
in c re a s e d  p o w e r. T h e  c o n tro l g ro u p  a lso  in d ic a te d  th e i r  e xp e c ta tio n s  
o f g re a te r  p o w e r as 17 saw m o re  o r  m uch  m o re  p o w e r.
A n a ly s in g  th is  r e s u lt  w ou ld  im p ly  th a t not o n ly  has th e  o p e ra to r  o f the  
new te ch n o lo g y  in c re a s e d  h is  know ledge  and c a p a b ili t ie s  bu t the  new 
te ch n o lo g y  has caused th e  p ro d u c tio n  l in e  s u p e rv is o r  to  be m o re  depend­
ent upon th e  in s p e c to r  o p e ra tin g  th e  equ ipm en t. T h e  m a ch in e  shop is  
d e ve lo p in g  te c h n o lo g ic a lly  in to  one advanced m e ta l re m o v a l s y s te m  on 
one hand and one advanced m e a s u r in g  s y s te m  on th e  o th e r . T h e  
com ponen t is  cu t o r  shaped to  a p re d e te rm in e d  p ro g ra m m e d  g e o m e try  
in  a N. C. m a ch in e  to o l, th en  m e a su re d  in  a p re d e te rm in e d  p ro g ra m m e d  
m e a s u r in g  m a ch in e . T h e  p o w e r o f ta s k  a u th o r ity  l ie s  w ith  th e -p e rs o n  
who can b e s t c o m m u n ic a te  and in te rp re t  th e  in p u t and ou tpu t o f th is  
te ch n o lo g y . A c c o rd in g  to  the  f in d in g s  o f th is  re s e a rc h  th is  p o w e r is  
m o v in g  to  the  c ra f ts m a n -o p e ra to r ,  the  c ra fts m a n  in  S ay les ' te rm s  is  
not h a v in g  h is  s ta tu s  a tta cke d  b u t on th e  c o n tra ry  he, th e  c ra fts m a n  is  
a tta c k in g  the  l in e  s u p e rv is o r 's  s ta tu s  o r w o rk  g ro u p .
S a tis fa c tio n  w ith  w o rk .
T h e  in s p e c tio n  o p e ra to rs  on the  new m e a s u r in g  te ch n o lo g y  a lth oug h  
c la im in g  in c re a s e d  s e lf  s ta tu s  and s e lf  a ssu ra n ce , in d ic a te d  in  the  
a tt itu d e  s u rv e y  th a t th e y  w e re  not in  a g re e m e n t o v e r th e ir  s a t is fa c t io n  
w ith  w o rk  a c t iv ity .  O n ly  19 o f the  o p e ra to rs  sa id  th e y  fe l t  s a t is fa c t io n  
w ith  th e  w o rk  a c t iv i t y  w h ile  15 e xp re sse d  an o p in io n  o f no change and 
the  b a la n ce  o f 14 c o n s id e re d  th a t th e y  had le s s  s a t is fa c t io n . C o n tra s t­
ing  th is  r e s u lt  was the  a tt itu d e  o f th e  24 m e m b e rs  o f the  c o n tro l
g roup  who e xp re s s e d  a v e r y  s tro n g  in d ic a t io n  th a t th e y  expected  to  have 
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m o re  to  m uch  m o re  s a tis fa c tio n ; o n ly  3 in s p e c to rs  in  th e  c o n tro l 
g ro up  s ta te d  th a t th e y  expected  to  have no change.
E x a m in a tio n  o f th ese  re s u lts  ag a in  has to  be re la te d  to  the  changes 
m ade to  the  ta s k  o f the  o p e ra to r  w h ic h  m a y  re s u lt  in  an a tt itu d e  of 
le s s  s a t is fa c t io n  w ith  th e  m e a s u r in g  m a ch in e  a s s ig n m e n t a f te r  th e  
in i t ia l  le a rn in g  phase. Some o f the se  changes w e re  -
o T h e  o p e ra to r  re m a in s  at h is  m a ch in e , w he re a s  p re v io u s ly  he
m oved  a ro u n d  th e  shop ch e ck in g  com ponen ts . T h e  com ponents 
now com e to  h im  fo r  ch eck in g .
o H is  w o rk  lo a d  has becom e p ro g ra m m e d  and a ss ig n e d  to  h im  f r o m  
s ta t is t ic a l  a n a ly s is  w ith  the  accen t on p re v e n tio n  r a th e r  than  
c u re . P re v io u s ly  he had som e fre e d o m  o f ch o ice  o f w o rk  to  check.
o He has to  fo l lo w  the  p ro g ra m m e d  sequence fo r  m e a s u r in g  w o rk . 
(He does have th e  o p tio n  o f m a n u a lly  ch e ck in g  bu t th is  can be 
s u b je c t to  hum an  e r r o r ) .
T h e se  a re  a few  o f the  p o s s ib le  re a so n s  fo r  d is s a t is fa c t io n  o r  fo r  not 
h a v in g  m o re  s a t is fa c t io n  in  the  o p e ra to r  g ro u p . T h e  s ig n if ic a n c e  of 
the  c o n tro l g ro up  e xp e c ta tio n s  o f g re a te r  s a t is fa c t io n  is  assum ed  to  
be re la te d  to  th is  g ro up  b e in g  a w a re  o f the advantages o f th is  e q u ip ­
m e n t, bu t not h a v in g  e x p e rie n c e d  som e o f the  a p p a re n t d isadvan tages 
as d e s c r ib e d  above.
C o n c lu s io n s  f r o m  th is  s e c tio n  -
T h e  fin d in g s  f r o m  th e  a tt itu d e  s u rv e y  as re la te d  to  p s y c h o lo g ic a l 
advantages ga ined  b y  peop le  w ith  new te c h n o lo g y  a re  -
o A l l  o p e ra to rs  have in c re a s e d  in  s ta tu s .
o A  m a jo r i t y  o f the  o p e ra to rs  fe l t  m o re  s e lf  a s s u ra n c e .
o T he  o p e ra to rs  w e re  d iv id e d  on the  q u e s tio n  o f co n c e rn  about the  
new te c h n o lo g y  b u t th is  was c o n s id e re d  to  be re la te d  to  d i f f e r ­
ences in  e x p e rie n c e  w ith  th e  equ ipm en t.
o H a lf  o f th e  m e a s u r in g  m a ch in e  o p e ra to r  g ro up  though t th e ir  
in f lu e n c e  o v e r m a ch in e  to o l o p e ra to rs  had in c re a s e d ; the 
ba lance  c la im e d  no change.
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o A lm o s t a l l  o f th e  o p e ra to rs  c o n s id e re d  th e i r  p o w e r o f a u th o r ity  
w ith  th e  p ro d u c tio n  l in e  s u p e rv is o r  had in c re a s e d .
o T h e  o p e ra to rs  had not on the  w ho le  in c re a s e d  th e ir  job  s a t is ­
fa c t io n  w ith  the  new a ss ig n m e n t.
T he  c o n c lu s io n s  re la te d  to  the  e xp e c ta tion s  o f the  c o n tro l g ro up
in s p e c to rs  i f  a ss ig n e d  to  th e  new te ch n o lo g y , w e re  as fo l lo w s : -
o S tatus w ou ld  in c re a s e .
o S e lf a ss u ra n c e  w ou ld  in c re a s e .
o C o n ce rn  fo r  the  new te ch n o lo g y  w ou ld  o n ly  be h ig h  in i t ia l ly .
o In flu e n c e  o v e r the  m a ch in e  to o l o p e ra to r  w ou ld  not change,
o P o w e r o f a u th o r ity  w ith  th e  p ro d u c tio n  lin e  s u p e rv is o r  w ou ld  
in c re a s e .
o G re a te r  job  s a t is fa c t io n  w ou ld  be ach ieved .
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4. 5 - THE ACCEPTANCE OP CHANGE IN JOBS DUE TO THE
INTEGRATION OF NEW TECHNOLOGIES.
T h e  in te g ra t io n  o r  m e rg in g  o f c ra f t  s k i l ls  in  m a n u fa c tu r in g  in d u s try  
due to  the  advancem en t o f te c h n o lo g y  is  a d i f f ic u l t  and in c re a s in g  p ro ­
b le m . T h e  r a p id ly  a dvanc ing  n u m e r ic a l c o n tro lle d  m a ch in e  to o l te c h ­
n o lo g y  and th e  te c h n o lo g ic a l changes a sso c ia te d  w ith  c o -o rd in a te  m e a ­
s u r in g  m a ch in e s  co u ld  in  t im e  re s u lt  in  a co m b in e d  te ch n o lo g y . T h is  
w ou ld  m ove  th e  in s p e c tio n  concep t f r o m  an a f te r - th e -e v e n t in s p e c tio n  
to  an in -p ro c e s s  o r  im m e d ia te  p o s t-p ro c e s s  in s p e c tio n . A s  such  the  
g re a te s t in c re a s e d  e ff ic ie n c y  w o u ld  be ga ined because  the  m e a s u re ­
m en t and e r r o r  fee d b a ck  a c tio n s  w ou ld  be a u to m a tic  and v i r t u a l ly  
im m e d ia te . T h e  above m e rg in g  o f te c h n o lo g y  w o u ld  a ls o  cause a 
change in  th e  a sso c ia te d  la b o u r  e ith e r  in te g ra t in g  o r  d is p la c in g  
a c c o rd in g  to  th e  hum an  needs re q u ire d  o f th e  n e w ly  com b in e d  te c h n o ­
lo g y .
T he  s p e c if ic  a im  o f th is  s e c tio n  o f the  re s e a rc h  is  to  e s ta b lis h  w hat 
a tt itu d e  the  in s p e c to r  w ou ld  have to  the  consequences o f h a v in g  h is  
c u r re n t  w o rk  in te g ra te d  f u l ly  w ith  the  p ro d u c tio n  a c t iv ity .  E ach  of 
the  48 in s p e c to r -o p e ra to rs  o f the  c o -o rd in a te  m e a s u r in g  m ach ine s  
and the  24 in s p e c to rs  in  the  c o n tro l g roup  w e re  asked the  fo llo w in g  
q u e s tio n  as p a r t  o f the  o v e ra l l  a tt itu d e  s u rv e y .
o A s  m e a s u r in g  m a ch in e s  becom e m o re  a c c u ra te  and re s u lts
a lm o s t in fa l l ib le ,  do you th in k  the  in s p e c to r  sh ou ld  becom e p a r t  
o f th e  p ro d u c tio n  te a m  un de r a l in e  s u p e rv is o r?  (Q u e s tio n  20 -
A p p e n d ix  I  and q u e s tio n  11 - A p p e n d ix  J).
T h e  in s p e c to rs  w e re  asked  to  s e le c t one o f 5 v a r ia b le s  a c c o rd in g  to
th e ir  a tt itu d e  to  the  above p ro p o s a l. T hese  v a r ia b le s  w e re  as fo l lo w s :-
o S tro n g ly  d is a g re e  w ith  the  in te g ra t io n  p ro p o s a l.
o M i ld ly  d is a g re e d  w ith  the  in te g ra t io n  p ro p o s a l,
o N e ith e r  ag ree  n o r d is a g re e  w ith  the  in te g ra t io n  p ro p o s a l.
o M i ld ly  a g re e  w ith  the  in te g ra t io n  p ro p o s a l.
o S tro n g ly  a g ree  w ith  the  in te g ra t io n  p ro p o s a l.
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R e s u lts  o f the  a tt itu d e  s u rv e y  - T a b le  No; 4. 2 
In te g ra t io n  o f th e  in s p e c tio n  and p ro d u c tio n  a c t iv i t y .
T h e  48 in s p e c to r -o p e ra to rs  on the  e x is t in g  c o -o rd in a te  m e a s u r in g  
m a ch in e s  had been s u b je c t to  a m a jo r  change in  th e i r  w o rk  a c t iv i t y  b y  
m o v in g  f r o m  co n v e n tio n a l to  m e a s u r in g  m a ch in e  in s p e c tio n  s y s te m s . 
T h is  g ro up  w e re  a lso  a w a re  o f the  ra p id  te c h n o lo g ic a l advances m ade 
in  the  m e a s u r in g  m a ch in e  s ys te m s  f r o m  the f i r s t  m a n u a l s y s te m  
in tro d u c e d  at C a te r p i l la r ,  G lasgow  in  J u ly  1968 to  the  c o m p u te r-  
a s s is te d  s y s te m s  in tro d u c e d  in  A u g u s t 1976 (see s e c tio n  No: 4 .2 ) .  
T h e re fo re  the  e ve n tu a l m e rg in g  o f m a ch in e  to o l and m e a s u r in g  te c h ­
n o lo g ie s  was not go ing  to  be o f t ra u m a t ic  news to  th e m ; th e y  w e re  in  
fa c t w itn e s s in g  an e v o lu tio n  of te ch n o lo g y . A w a re n e s s  o f the  change 
h o w e ve r does not in fe r  accep tance  n o r in tra n s ig e n c e  b y  the  peop le  
c lo s e ly  a ss o c ia te d  w ith  the  change. T h e  re s u lts  o f the  s u rv e y  as on 
T a b le  No: 4. 2 show ed th a t 16 o r  a p p ro x im a te ly  33 p e rc e n t o f the  48 
in s p e c to r -o p e ra to rs  s tro n g ly  d is a g re e d  w ith  th e  p ro p o s a l w h ile  14 o r  
29 p e rc e n t had m ild  d is a g re e m e n t. O n ly  8 o r  16 p e rc e n t w e re  un ­
c o m m itte d  and 10 o r  20 p e rc e n t o f the  to ta l  had m i ld  a g re e m e n t fo r  
the  in te g ra t io n  p ro p o s a l.
T h e  c o n tro l g ro u p ’ s 24 in s p e c to rs  w e re  on the  w ho le  a g a in s t the  p r o ­
p o sa l as 19 in s p e c to rs  o r  80 p e rc e n t o f th e i r  g ro u p  in d ic a te d  m i ld  to  
s tro n g  d is a g re e m e n t w h ile  5 in s p e c to rs  o r  20 p e rc e n t had m ild  
a g re e m e n t w ith  the  p ro p o s a l.
A n a ly s is  o f th e se  re s u lts  p ro v id e s  som e in te re s t in g  im p lic a t io n s  on 
the  w ho le  q u e s tio n  o f ad vanc ing  m a n u fa c tu r in g  te ch n o lo g y . F i r s t  o f 
a l l ,  w hy shou ld  the  in s p e c to r -o p e ra to rs  o f the  c u r re n t  m e a s u r in g  
m a ch in e  te ch n o lo g y  d is a g re e  o r  ag ree  w ith  any p ro p o s a ls  to  in te g ra te  
o r  m e rg e  th e i r  fu n c tio n s  w ith  p ro d u c tio n ?  T h e  fo l lo w in g  p o in ts  cou ld  
be m ade b y  th ose  who d is a g re e :-
1. T h e  n a tu re  o f m a n u fa c tu r in g  in d u s try  w i l l  a lw a ys  re q u ire  an 
independence  o f p ro d u c tio n  a r b it r a t io n  fu n c tio n  to  e n su re  th a t 
q u a lity  s p e c if ic a tio n s  a re  not su b o rd in a te d  by  q u a n tity  r e q u ire -
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2. T he  m a n u fa c tu r in g  te ch n o lo g y  w i l l  n e v e r be fo o lp ro o f.
3. T h e  ro le s  o f the  in s p e c to r  and the  p ro d u c tio n  p e rs o n n e l, th a t is  
the  m a ch in e  to o l o p e ra to r  a n d /o r  p ro d u c tio n  fo re m a n , co u ld  not 
be h a rm o n is e d  w ith in  a p ro d u c tio n  s y s te m  due to  d if fe re n c e s  in  
s k i l l ,  know ledg e , s ta tu s  and d e c is io n  p ro c e s s e s .
4. T h e  tra d e  un ion  w ou ld  oppose i t  p u re ly  f r o m  a p o s s ib i l i t y  o f 
e ve n tu a l re d un d a n c ie s  a ffe c t in g  th e ir  m e m b e rs .
D is c u s s io n  o f the  above 4 p o in ts  is  as fo l lo w s : -
1. T h e  n a tu re  o f m a n u fa c tu r in g  in d u s try  d id  o r ig in a l ly  r e s u lt  in  the  
s e p a ra tio n  o f the  m a n u fa c tu r in g  o r  p ro d u c tio n  m anagem ent and 
q u a li ty  o r  in s p e c tio n  m anagem ent fu n c tio n s  due to  co n fu s io n  o f 
o b je c tiv e s . T h e  p r im a r y  ro le  o f m a n u fa c tu r in g  is  to  m a x im is e  
ou tp u t: the  p r im a r y  ro le  o f q u a lity  is  to  e n su re  th a t th is  ou tpu t 
m e e ts  a g ree d  p ro d u c t o r  com ponent s p e c if ic a t io n s . In  th e  re a l 
s itu a t io n  th e se  ro le s  do not a lw ays  c o in c id e  m u ch  to  the  d e t r i ­
m en t o f th e  e n te rp r is e  in v o lv e d . T h e  e v o lu tio n  o f the  q u a lity  
fu n c tio n  in  in d u s try  has been la rg e ly  re la te d  to  the  consequences 
o f la b o u r  in te n s iv e  m a n u fa c tu r in g  in d u s tr ie s  w h e re  hum an e r r o r  
and u n re lia b le  c a p ita l equ ip m en t had to  be co u n te re d  by  o th e r 
hum an  s y s te m s  n a m e ly  in s p e c tio n .
T h e  tre n d  to w a rd s  m o re  c a p ita l in te n s iv e  m a n u fa c tu r in g  w ith  m uch  
h ig h e r  le v e ls  o f r e l ia b i l i t y  shou ld  r e s u lt  in  th e  s lo w  d is m a n tle ­
m e n t o f th e  t r a d i t io n a l and e s ta b lis h e d  in s p e c tio n  s y s te m . T h is  
d is m a n tle m e n t w i l l  be d i f f ic u l t  f o r  the  in s p e c tio n  g ro up  to  accep t 
m a in ly  due to  these  lo n g  e s ta b lis h e d  t ra d it io n s .
2. T he  f u l ly  au to m a te d  fa c to ry  is  a c c o rd in g  to  the  D e lp h i- ty p e  fo r e ­
ca s ts  (42) a v e r y  r e a l  p o s s ib i l i t y  fo r  the  la te  1990s, T h e  q u a lity  
r e l ia b i l i t y  o f m a ch in e  to o l equ ip m en t c u r r e n t ly  in  m a ch in e  shop 
m a n u fa c tu re  a lth ou g h  m uch  im p ro v e d  s in c e  th e  second w o r ld  w a r , 
s t i l l  r e q u ire s  m u ch  m o re  im p ro v e m e n t b e fo re  s y s te m s  becom e 
fo o lp ro o f  and ou tpu t c o n s is te n t ly  w ith in  s p e c if ic a t io n .
3. C ra fts m e n  tend  to  defend th e ir  s ta tu s , s k i l l  and know ledge , the  
l i t e r a tu r e  on p r io r  re s e a rc h  shows th a t any changes w i l l  be r e ­
s is te d  as a m e a s u re  o f th is  de fence. S hepard  e x p lo re d  the  
q u e s tio n  o f w h e th e r a w o rk e r 's  re la t io n s h ip  to  te ch n o lo g y  and 
degree  o f job  s p e c ia lis a t io n  in flu e n c e d  in  a p re d ic ta b le  w ay  h is  
in te g ra t io n  in to  o r  a lie n a t io n  f r o m  w o rk . S hepard  showed th a t the  
de g re e  o f d if fe re n t ia t io n  in  the  d iv is io n  o f la b o u r  is  re la te d  to  
te c h n o lo g y  in  a s im i la r  w ay  in  bo th  the  o ff ic e  and fa c to ry  and th a t 
a u to m a te d  te ch n o lo g y  re d uce s  the  le v e ls  o f a lie n a t io n  am ong bo th  
o ff ic e  em p loyees  and fa c to r y  w o rk e rs  (43). T h e  f in d in g s  f r o m  th is  
re s e a rc h  w ou ld  in d ic a te  th a t w ith  th e  in te g ra t io n  o f te ch n o lo g ie s , 
th e re  co u ld  be c o rre s p o n d in g  in c re a s e s  in  a lie n a t io n  be tw een  the 
2 g ro up s  o f w o rk e rs  m e rg e d  w ith  the  new co m b in e d  te ch n o lo g y , 
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T h is  a t le a s t w ou ld  be the  s itu a t io n  in  the  s h o r t te rm ,
4. T ra d e  un ions a re  g ro w in g  m o re  co n ce rn e d  about the  consequences 
of a d van c in g  te c h n o lo g ie s  (see A p p e n d ix  E f o r  a s ta te m e n t b y  the  
T U C  on th e i r  in s t ru c t io n s  to  th e ir  m e m b e rs  on how  to  ne go tia te  
w ith  e m p lo y e rs  on the  s u b je c t o f new te ch n o lo g y ). A t  the  lo c a l 
le v e l o f t ra d e  un ion  in v o lv e m e n t w ith in  m a n u fa c tu r in g  p la n ts , 
re s is ta n c e  w i l l  be a fa c to r  w h e re  th e i r  m e m b e rs  a re  d isp la ce d  
and lo s e  w age ra te s  o r  have th e  p o s s ib i l i t y  o f lo s in g  th e ir  jobs  
c o m p le te ly  th ro u g h  red un d a ncy . H o w e ve r th e  a c tu a l ad vance ­
m en t o f the  te c h n o lo g y  as has p re v io u s ly  been  show n in  c h a p te r 3 
w i l l  not be re s is te d  in  th e  in te re s ts  o f o v e ra l l  e m p lo ym e n t.
T h e  re a so n  w hy  a g re a te r  p e rce n ta g e  of th e  c o n tro l g ro up  shou ld  d is ­
a g re e  w ith  th e  p ro p o s a l to  in te g ra te  than  the  in s p e c to r -o p e ra to r  g ro up  
is  assum ed  to  be re la te d  to  the  b a s ic  fa c t th a t th e se  in s p e c to rs  have 
not had the  o p p o r tu n ity  to  e x p e rie n c e  th e  f i r s t  s tep  in  t r a n s i t io n  f r o m  
c o n v e n tio n a l to  m e a s u r in g  m a ch in e  te ch n o lo g ie s  and co n se q u e n tly  m a y  
have som e fe a r  o f the  to ta l changes b ro u g h t about b y  a c o m p le te  in te ­
g ra tio n , T h is  fe a r  cou ld  be re la te d  to  re d un d a ncy , p ro b le m s  o f de ­
s k i l l in g  a n d /o r  the  need fo r  r e t r a in in g  to  som e new d is c ip lin e .
T h e  re a so n s  w hy  10 in s p e c to rs  in  the  m e a s u r in g  m a ch in e  g ro up  and 5 
in s p e c to rs  in  the  c o n tro l g ro up  shou ld  have a p o s it iv e  a g re e m e n t w ith  
a p ro p o se d  in te g ra t io n  o f jo b s , a re  som ew ha t d i f f ic u l t  to  a s c e r ta in . 
T h e se  re a so n s  co u ld  be a s s o c ia te d  w ith  an a ccep ta nce  o f the  in e v ita b le  
consequences o f advan c in g  te c h n o lo g ie s  o r  a c o n s id e ra tio n  th a t new 
job  o p p o r tu n it ie s  w i l l  e m e rg e  out o f th e  com b in e d  te ch n o lo g y  fo r  the  
in d iv id u a ls  in v o lv e d .
C o n c lu s io n s  to  the  q u e s tio n  o f in te g ra t io n .
S ince the  In d u s t r ia l  R e v o lu tio n , th e re  have been s u b s ta n tia l s h if ts  in
the  p a tte rn  o f e m p lo ym e n t, bu t the  econom y as a w ho le  has adapted  to
te c h n o lo g ic a l change and to  an e v e r-e x p a n d in g  la b o u r  fo rc e ,  e s p e c ia lly
in  m a n u fa c tu r in g  in d u s tr ie s .  In  the  la s t  decade s ign s  a t the  p la n t
le v e l of the  econom y a re  th a t te c h n o lo g ic a l change is  s t i l l  ta k in g  p la ce
bu t to  an e v e r - re d u c in g  la b o u r  fo rc e . T h is  s e c tio n  o f the  re s e a rc h
shows th a t the  hum an  p ro b le m s  a sso c ia te d  w ith  m e rg in g  2 d if fe re n t
te c h n ic a l fu n c tio n s  cou ld  p ro v e  to  be a m a jo r  c o n s tra in t to  the 
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advance o f th a t te ch n o lo g y  w ith in  m a n u fa c tu r in g  in d u s try .  A c tu a l 
r e a lis a t io n  o f a f u l l  s c a le  o p e ra tin g  c o m p u te r - in te g ra te d  m a n u fa c tu r ­
in g  s y s te m , p ro v id in g  fu l ly  a u tom a ted  s e lf - o p t im is in g  c o m p u te r 
c o n tro l o f a fa c to ry ,  s t i l l  l ie s  in  the  fu tu re  and w i l l  be of an 
e v o lu t io n a ry  p ro c e s s .
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4 .6  -  P R O B L E M S  A S S O C IA TE D  W IT H  D E -S K IL L IN G , LESS
K N O W L E D G E  A N D  M A N P O W E R  R E D U C T IO N  D U E  T O  NEW  
T E C H N O L O G Y .'
P r io r  re s e a rc h  in  the  l i t e r a tu r e  suggests th a t a u to m a tio n  and re la te d  
new te ch n o lo g y  in  m a n u fa c tu r in g  in d u s try  w i l l  u lt im a te ly  le a d  to  de ­
s k i l l in g  o f la b o u r , cause le s s  dem and on o p e ra to r  know ledge  o r  e x p e r i­
ence and re d u ce  th e  n u m b e r o f peop le  re q u ire d  a t th e  m e ta l c u tt in g  o r  
fo rm in g  s id e  o f th e  b u s in e s s .
T h e  a im  o f th is  s e c tio n  o f the  re s e a rc h  p ro je c t  is  to  d e te rm in e  w ha t r e ­
a c tio n  th e re  w ou ld  be to  th e  above change when a p p lie d  to  c ra f t  in s p e c to rs  
due to  th e  in t ro d u c t io n  o f au to m a te d  o r  s e m i-a u to m a te d  in s p e c tio n  
th ro u g h  the  use o f c o m p u te r -a s s is te d  m e a s u r in g  m a c h in e s . A g ro u p  of 
48 in s p e c to r -o p e ra to rs  o f m e a s u r in g  m a ch in e s  and 24 in s p e c to rs  on 
c o n v e n tio n a l m e a s u r in g  te c h n o lo g y  w e re  asked  th e  fo llo w in g  q u es tio n s  
as p a r t o f the  a tt itu d e  s u rv e y :-
o H ow  m u ch  does i t  co n c e rn  you th a t as m a c h in e s , even m e a s u r in g  
m a ch in e s , becom e m o re  and m o re  au to m a te d , th is  cou ld  a ffe c t the  
fo llo w in g  -
1. L e s s  s k i l l  to  o p e ra te .
2. L e s s  know le dg e  re q u ire d .
3. F e w e r  o p e ra to rs .
T h e  in s p e c to rs  w e re  asked  to  c la s s ify  th e ir  re a c t io n  to  th is  by  s e le c t in g  
one o f the  fo llo w in g  v a r ia b le s  : -
o V e ry  C once rned ,
o C once rned ,
o N ot C o n ce rn e d  one w a y  o r  o th e r,
o E n co u ra g e d  b y  p ro g re s s  o f te ch n o lo g y .
(See Q u e s tio n  No: 21 -  A p p e n d ix  No; I, Q u e s tio n  No: 12 - A p p e n d ix  
N o: J).
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R e su lts  of th e  a tt itu d e  s u rv e y  -  T a b le  No: 4. 3 
L e s s  s k i l l  to  o p e ra te .
S lig h t ly  o v e r h a lf  o f the  48 in s p e c to r -o p e ra to rs  o f the  e x is t in g  m e a ­
s u r in g  m a ch in e s  w e re  v e ry  co n ce rn e d  about d e - s k i l l in g  o f th e ir  jo b s .
A  fu r th e r  16 o r  33 p e rc e n t o f the  g roup  re c o rd e d  th a t th e y  w e re  co n ­
ce rn ed . O n ly  6 in s p e c to r -o p e ra to rs  in d ic a te d  a n e u tra l re s u lt  to  th is  
q u e s tio n , A  s im i la r  re s u lt  was g ive n  b y  the  c o n tro l g ro u p  w h e re  a l l  
o f the  24 in s p e c to rs  re c o rd e d  a degre e  of co n c e rn  fo r  the  d e - s k i l l in g  
n o tio n . T h is  above re s u lt  f r o m  b o th  g roups im p lie s  a g e n e ra l r e lu c t ­
ance b y  th e  in s p e c to rs  to  f o r fe i t  th e i r  c r a f t  s k i l ls  due to  the  d e ve lo p ­
m en t o f te c h n o lo g y  w h ic h  has o r  cou ld  fu r th e r  s im p l i f y  t h e i r  job  ta s k s . 
I t  has been re c o g n is e d  f o r  s e v e ra l decades th a t t im e -s e rv e d  c r a f t s ­
m en  u nde rgo  s e v e ra l r e - t r a in in g  phases in  th e ir  in d u s t r ia l  l i f e t im e .  
T h is  has been g e n e ra lly  re la te d  to  the  o bso le sce nce  o f m a te r ia ls  and 
m ethods to g e th e r  w ith  im p ro v e m e n ts  in  to o lin g . T h e se  changes have 
h o w e ve r been s lo w  and e v o lu t io n a ry  w ith o u t h a v in g  m a jo r  im p a c t on 
the  in d iv id u a l o r  th e  f i r m .  T h e  m ove m e n t f r o m  one phase to  a n o th e r 
and th e  r e t ra in in g ,  v e ry  o fte n  s e lf  t ra in in g ,  on the  new m e thod  has 
som ehow  added to  the  c ra f ts m e n ’ s e x p e rie n c e  as he has not n e c e s s a r­
i l y  fo rg o tte n  the  o b so le te  s k i l ls .  T h e  new m e a s u r in g  m a ch in e  m e thod  
adds v e ry  l i t t l e  to  th e  s k i l l  o f the  c ra fts m a n  in s p e c to r  and tends to  
c o m p le te ly  o b s c u re  p re v io u s  s k i l ls .  T h e  c o n c lu s io n  f r o m  th is  a n a ly ­
s is  is  th a t th e  c ra fts m a n  in s p e c to r  is  v e ry  m uch  a w a re  o f the  pend ing  
d e ve lo p m en ts  and has a h ig h  d e g ree  o f c o n ce rn  f o r  the  consequences.
L e s s  know ledge  re q u ire d .
In s p e c to rs  u s in g  c o n v e n tio n a l in s p e c tio n  o r  m e a s u r in g  equ ipm en t r e ­
q u ire  a v e ry  w id e  v a r ie ty  o f know ledge  ra n g in g  f r o m  m a te r ia ls ,  m a ­
ch ine  to o ls , to o lin g , p ro c e s s in g  s y s te m s , to g e th e r w ith  the  h a n d lin g  
o f h is  own m e a s u r in g  e qu ip m e n t; an a b i l i t y  to  so lve  co m p le x  m a th e ­
m a t ic a l p ro b le m s ; a know ledge  of the  peop le  u s in g  m a ch in e  to o ls  and 
f in a l ly  an a b i l i t y  to  c o m m u n ic a te  w ith  peop le . T he  p o s s ib le  d ilu t io n  
o f th is  know ledge  caused 34 In s p e c to r -o p e ra to rs  o r  71 p e rc e n t o f the  
to ta l to  in d ic a te  a deg ree  of co n ce rn . A  g ro up  o f 12 gave a n e u tra l 
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re sp o n se  and 2 in s p e c to r -o p e ra to rs  thought th a t the  p ro g re s s  o f te c h ­
no lo g y  to  be m o re  im p o r ta n t than  the  re d u c t io n  o f in d iv id u a l kn o w ­
ledge . T h e  24 m e m b e rs  o f the  c o n tro l g roup  w e re  b y  m a jo r i t y  o f tw o- 
th ird s  co n ce rn e d  about the  re d u c t io n  in  know ledge  re q u ire d  w ith  the 
b a la n ce  o f o n e - th ird  not co nce rne d .
A n a ly s is  o f th is  re s u lt  suggests  th a t w h ile  som e new know ledge  w i l l  
be  ga ined  by  th e  in s p e c to rs  b y  w o rk in g  w ith  the  new te ch n o lo g y , th is  
g a in  does not o ffs e t the  re d u c t io n  o f know ledge  re q u ire d  to  p e r fo rm  
the  m e a s u r in g  ta s k . T h e  e x p e rie n c e d  c ra f t  in s p e c to r  does not lo se  
h is  a c q u ire d  know ledge  b y  m o v in g  to  the  m e a s u r in g  m a ch in e  bu t a 
m uch  le s s  e x p e rie n c e d  o r  kno w le dg e a b le  c ra fts m a n  o r  p e rhaps  a non 
c ra fts m a n  co u ld  a ch ie ve  the  sam e le v e l o f m e a s u r in g  com petence  
u s in g  a m e a s u r in g  m a ch in e  as the  h ig h ly  e x p e rie n c e d  c r a f t  in s p e c to r  
in  the  sam e p e r io d  o f le a rn in g  t im e . No m a jo r  s ig n if ic a n c e  can be 
d ra w n  f r o m  th e  r e s u lt  ob ta ine d  f r o m  the  c o n tro l g ro u p .
F e w e r o p e ra to rs .
T h e  c la im  b y  the  m a n u fa c tu re rs  o f m e a s u r in g  m a ch in e s  th a t m e a s u r­
in g  com ponen ts  can be re d u ce d  by  up to  90 p e rc e n t o f th e  t im e  i t  to o k  
to  do the  sam e ta s k  b y  c o n v e n tio n a l m e thods , m u s t, i t  w ou ld  seem , 
le a d  to  a re d u c t io n  in  in s p e c tio n  m a n po w e r. T h e  p ro o f o f th is  c la im  
o f t im e  im p ro v e m e n t was te s te d  at C a te rp i l la r ,  G lasgow  and r e c o rd ­
ed in  th is  p ro je c t  (see A p p e n d ix  H ).
T h e  re a c t io n  b y  th e  48 m e m b e rs  o f the  in s p e c to r -o p e ra to r  g roup  was 
m o s t in te re s t in g  because d e sp ite  h a lf  o f the  g ro up  re c o rd in g  c o n c e rn  
(22 v e ry  co n ce rn e d  and 2 co n ce rn e d ), 16 in s p e c to rs  w e re  not w o r r ie d  
one w ay  o r  th e  o th e r , and 8 a c tu a lly  in d ic a te d  e n cou ra gem en t w ith  
the  p ro g re s s  o f te ch n o lo g y . T o  c o n tra s t th is ,  th e  c o n tro l g roup  had 
a lm o s t 75 p e rc e n t o f th e ir  24 m e m b e rs  show in g  h ig h  co n c e rn  w ith  the  
ba lan ce  o f 4 in s p e c to rs  b e in g  encouraged  b y  the  p ro g re s s  o f the  te c h ­
no logy . T he  c o n c lu s io n  to  be d ra w n  f ro m  the  above cou ld  be b a s ic ­
a l ly  re la te d  to  the  fa c t th a t the  in s p e c to r -o p e ra to rs  a re  a lre a d y  in  
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p o s s e s s io n  o f the  new te ch n o lo g y  and fe e l m o re  s e c u re  than  the  co n ­
t r o l  g ro u p  m e m b e rs  who m a y  c o n s id e r  th e m s e lv e s  b y  im p lic a t io n  to  
be th e  in s p e c to rs  who w i l l  no t be re q u ire d .
C o n c lu s io n s  to  the  q u e s tio n  o f d e -s k il l in g ,  le s s  know le dge  and fe w e r
o p e ra to rs .
T he  s u m m a ry  c o n c lu s io n s  f r o m  the above f in d in g s  a re  as fo llo w s
1, In s p e c to rs  a re  m o s t co n ce rn e d  about the  p o s s ib i l i t y  o f de ­
s k i l l in g  th e i r  c ra f t .
2, In s p e c to rs  a re  co n ce rn e d  to  a le s s e r  d eg ree  about th e  re d u c t io n  
o f know ledge  re q u ire d .
3, In s p e c to rs  a lre a d y  on the  new te ch n o lo g y  a re  le s s  co n ce rn e d  
about fe w e r  o p e ra to rs  b e in g  re q u ire d  th a n  th e  in s p e c to rs  who 
a re  not u s in g  m e a s u r in g  m a ch in e  te ch n o lo g y .
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4 .7  - OBSERVED EFFECTS OF NEW TECHNOLOGY.
T h e  o b je c tiv e  of c h a p te r 4 w as to  s tudy  the  e ffe c ts  o f new m e a s u r in g  
m a ch in e  te c h n o lo g y  on a s in g le  m a n u fa c tu r in g  p la n t in  an a tte m p t to  
fu r th e r  s u p p o rt the  a rg u m e n t th a t new te ch n o lo g y  is  h a v in g  an im p a c t 
on s p e c if ic  fa c to rs  o f th e  e n te rp r is e . T h e  re s u lts  o f th is  s tu d y  a re  
d is p la y e d  in  T a b le  No; 4. 4 un de r each of the fa c to rs  id e n t if ie d  as be in g  
su b je c te d  to  im p a c t and th e re fo re  a ffe c t in g  som e e le m e n ts  to  the  
de g re e  th a t a change was o b se rve d . T h e se  fa c to rs  a re  d iscu sse d  as 
fo llo w s
O rg a n is a tio n  S tru c tu re ,
S e c tion  No: 4. 3 showed th a t the  new m e a s u r in g  m a c h in e  te ch n o lo g y  
caused p re s s u re s  o f b o th  a h o r iz o n ta l and v e r t ic a l  n a tu re  to  e m e rg e  
w h ic h  re s u lte d  in  a w id e r  span of c o n tro l in  the  s t ru c tu re  but not an 
in c re a s e  in  h ie ra r c h ic a l  le v e ls .  T h e  lin e s  of a u th o r ity  w e re  d u p lic a ­
te d  due to  the  concep t of p o w e r b e in g  w h e re  know ledge  was a v a ila b le . 
In fo rm a tio n  lin e s  m oved  f r o m  a lin e  to  l in e  s y s te m  to  a s ta f f  to  l in e  
s y s te m  w ith  a n e tw o rk  as show n d ia g ra m a t ic a l ly  in  F ig u re  No: 4. 2, 
W o rk  f lo w  d is c ip lin e s  had to  change because the  in s p e c to r  changed 
f r o m  a ro v in g  to  a s ta t io n a ry  w o rk  sy s te m . C om ponents  had th e n  to  
be ro u te d  to  th e  in s p e c to r  in s te a d  o f h im  go ing  to  w h e re  th e  com pon ­
ent was p ro c e s s e d . M uch  o f the  in fo rm a l o rg a n is a tio n  s tru c tu re  
w h ic h  was e s ta b lis h e d  at the  o u tse t had to  c r y s ta l l is e  i t s e l f  in to  a 
fo rm a lis e d  s t ru c tu re .
M a n ag e m e n t.
A l l  the  s u p p o rt and p re s s u re  e x e rte d  f o r  the  new m e a s u r in g  m a ch in e  
te ch n o lo g y  cam e f r o m  m id d le  m anagem ent. S ec tio n  No; 4. 2 o f th is  
c h a p te r tra c e d  th e  d e ve lo pm en t o f the  m e a s u r in g  m a ch in e  te ch n o lo g y  
f ro m  a c o n s id e ra tio n  o f 7 a lte rn a t iv e s  to  the  e ve n tu a l d e c is io n  to  
in v e s t in  2 c o m p u te r -a s s is te d  m e a s u r in g  m a ch in e s . T o p  m anagem ent 
to o k  a som ew ha t n e u tra l s tance  on th is  in v e s tm e n t, f o r  rea son s  
a lre a d y  d iscu sse d  in  the  te x t, such as the  m e a s u r in g  m a ch in e  d id  not 
m ake o r  add va lu e  to  a com ponen t, bu t i f  a n y th in g  added co s t, because 
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o f extended w o rk f lo w  le v e ls ,  a d d it io n a l h a n d lin g  and the  h ig h e r  p ro ­
b a b i l i t y  o f r e je c t io n  due to  in c re a s e d  c a p a b ilit ie s  o f the  m e a s u r in g  
m a ch in e  on the  q u e s tio n  o f d im e n s io n a l a c c u ra c y . H o w e ve r m id d le  
m anagem ent saw th e  n e c e s s ity  to  m a in ta in  q u a li ty  s ta n d a rd s  d e sp ite  
the  in c re a s e d  th ro u g h p u t o f p ro d u c tio n  f ro m  the  N. C. , m a ch in e  to o ls . 
A n  a cce p ta b le  r e tu r n  on in v e s tm e n t m a in ly  re la te d  to  a re d u c t io n  in  
w a it in g  t im e  f o r  the  p ro d u c tio n  m a ch in e  to o ls  re s u lte d  in  top  m a n ag e ­
m e n t g iv in g  a p p ro v a l fo r  the  p ro je c t.  T h e  co n tinuo us  s u p p o rt b y  top  
m anagem ent on the  use o f advanced m e a s u r in g  m a ch in e s  at G lasgow  
P la n t is  based  on a fa c to r  o f m anagem ent b y  e xce p tio n . I f ,  f o r  e x ­
a m p le , no p ro b le m s  a re  re p o r te d  f r o m  c u s to m e rs  u s in g  the  p r im e  
p ro d u c t, n o r  f r o m  th e  m anagem ent who a re  a ss ig n e d  to  a sse m b le  the  
com ponen ts , th e n  the  need to  c o n tin u a lly  check and m e a s u re  these  
com ponen ts  tends  to  becom e le s s  dem and ing . O n th e  o th e r  hand, i f  
con tinuous  p ro b le m s  a re  b e in g  re p o r te d  f r o m  the se  a fo re m e n tio n e d  
s o u rc e s , th e n  top  m anagem ent w ou ld  w ant to  know  w hy  the  p ro b le m s  
a re  not b e in g  caught a t the  m e a s u r in g  m ach in e s  and th e re fo re  the  
dem and on the  eq u ipm en t in c re a s e s . M id d le  m anagem ent f o r  th e i r  p a r t  
a re  co nsc io u s  o f in c o n s is te n c ie s  f r o m  N. C . ,  m a ch in e  to o ls  and o th e r 
c o n v e n tio n a l m a ch in e  to o ls  and seek to  accep t a r e s p o n s ib i l i ty  to  
e n su re  m in im u m  p ro b le m s  e m e rg in g  f r o m  the  m a ch in e  shop due to  
fa u lty  o r  d e fe c tiv e  com p onen ts , th e re fo re  m a x im u m  u t i l is a t io n  is  
m ade o f the  m e a s u r in g  m a ch in e  te ch n o lo g y .
I t  has been o b se rve d  th a t w ith  the  in tro d u c t io n  and use o f m e a s u r in g  
m a ch in e  te ch n o lo g y , th e re  w as an in c re a s e  in  the  n u m b e r o f fu r th e r  
in n o v a tio n s  d ir e c t ly  re la te d  to  the  eq u ipm e n t. T h e se  in n o va tio n s  
e m e rg e d  m a in ly  due to  the  in c re a s in g  p o te n tia l f r o m  the  m ic r o p r o ­
c e s s o rs  c o n tro ll in g  the  m e a s u r in g  m a ch in e s . S ta t is t ic a l data cou ld  
be h a rn e sse d  about c o m p o n e n ts 'm e a s u re m e n t c h a ra c te r is t ic s  w h ich  
co u ld  p ro v id e  v e ry  u s e fu l in fo rm a t io n  to  m id d le  m anagem ent on m a ­
ch ine  to o l c a p a b ili t ie s ,  fo re c a s te d  s c ra p  and re w o rk  co s ts , and m any 
o th e r b e n e fits  w h ic h  u n t i l  now had to  be m a n u a lly  com puted . T he  
m id d le  m anagem ent g roup  w e re  in  the m a jo r i ty  o f cases the  m a in
in n o v a to rs  o f th e se  te c h n o lo g ic a l changes at the  G lasgow  P la n t.
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S tra te g ie s .
C a te r p i l la r  w o r ld w id e  have o p e ra te d  w ith  a m anagem ent b y  o b je c tiv e s  
s y s te m  fo r  a p p ro x im a te ly  15 y e a rs . E ach  fu n c tio n  w ith in  the  e n te r ­
p r is e  has in te r re la te d  o b je c tiv e s . Q u a lity  c o n tro l a t the  p la n t le v e l is  
c o m m itte d  to  a p o lic y  o f ad van c in g  the  q u a lity  o r  c u s to m e r accep tance  
le v e l o f the  p r im e  p ro d u c t and p a r ts  p ro d u ce d  w ith in  the  p la n t. T h e  
in i t ia l  e ffe c t o f new m e a s u r in g  m a ch in e  te ch n o lo g y  on the  a ch ie ve m e n t 
o f these  o b je c tiv e s  was o n ly  m a rg in a l bu t as th e  new te ch n o lo g y  was 
fu r th e r  u t i l is e d  w ith  m o re  and m o re  com ponen ts  b e in g  m e a su re d , the  
a ch ie ve m e n t o f m e a s u ra b le  o b je c tiv e s  in  q u a li ty  c o n tro l becam e  m uch  
e a s ie r  to  o b ta in . T h e  m e a s u r in g  m a ch in e s  at C a te r p i l la r ,  G lasgow  
c re a te d  a need fo r  a s p e c ia l p la n n in g  te a m  as was d is c u s s e d  in  se c tio n  
No: 4. 3 of th is  c h a p te r. T h e  m e m b e rs  o f th is  te a m  had a lre a d y  been 
e m p lo ye d  as in d iv id u a ls  in  the  q u a li ty  c o n tro l o rg a n is a tio n  bu t the  
in tro d u c t io n  o f th e  new te ch n o lo g y  re s u lte d  in  th e  fo rm a t io n  o f the  
te a m . T h e  e m e rg e n ce  o f a te a m  le a d e r  in  an u n o f f ic ia l c a p a c ity  was 
noted m a in ly  because  th is  in d iv id u a l had m o re  te c h n ic a l know ledge  of 
the  new e q u ip m e n t; h is  need o r  a b i l i t y  to  le a d  and d ire c t  peop le  was 
not im p o r ta n t in  an a u th o r ita r ia n  aspect bu t m o re  so in  a fu n c tio n a l 
m a n n e r. T h e  re la t io n s h ip  be tw een  th is  te a m  le a d e r  and l in e  m anage ­
m en t is  show n in  F ig u re  No. 4, 2.
M a ch in e  Shop E n v iro n m e n t.
T h e  e n v iro n m e n t in  th is  in s ta n ce  is  co n ce rn e d  w ith  th e  p h y s ic a l 
n a tu re  o f the  new te ch n o lo g y . S ec tion  No: 4. 2 o f th is  c h a p te r d e s ­
c r ib e d  th e  d e g re e  o f g ro w th  o f m e a s u r in g  m a ch in e  equ ipm en t o v e r a 
p e r io d  o f y e a rs  f r o m  1968 to  1976. T h is  g ro w th  was in  l in e  w ith  the  
a c q u is it io n  o f N, C, , m a ch in e  to o ls  as d iscu sse d  in  c h a p te r 3, T h e  
N. C . , eq u ip m e n t had m a jo r  im p a c t upon the  m a ch in e  shop e n v iro n ­
m en t at G lasgow  w h ile  the  m e a s u r in g  m a ch in e  te c h n o lo g y  was noted 
to  have an e ffe c t m a in ly  upon the  peop le  m o s t c lo s e ly  a sso c ia te d  w ith  
the  use o f th is  e q u ip m e n t. T h e  o v e ra l l  e ffe c t on th is  in s p e c tio n  g ro up  
e n v iro n m e n t was show n to  be a c u m u la tiv e  typ e  o f change. S ection  
No: 4. 2 has show n th a t v e r y  c a re fu l a n a ly s is  was m ade fo r  the  s e le c t­
io n  o f the  m e a s u r in g  m a ch in e s  in  o rd e r  th a t th e  a c q u ire d  equ ipm en t
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w o u ld  f u l f i l  the  exac t s p e c if ic a t io n s  des igna ted  b y  C a te r p i l la r .  Some 
d if f ic u lt ie s  a ro s e  on the  q u e s tio n  o f b e s t lo c a t io n  o f the  2 c o m p u te r-  
a s s is te d  m e a s u r in g  m a ch in e s  w ith in  the  m a ch in e  shop. Id e a lly  the  
o p tim u m  lo c a t io n  w ou ld  have m eant m in im u m  d e la y  be tw een  the  p r o ­
d u c tio n  m a ch in e s  to o ls  and the  p o in t o f m e a s u re m e n t w h ile  at the  sam e 
t im e  a v o id in g  p ro b le m s  a ss o c ia te d  w ith  dust o r  te m p e ra tu re  w h ich  
cou ld  c o n ta m in a te  th e  d e lic a te  m e a s u r in g  e q u ip m e n t. O f the  2 c o m ­
p u te r -a s s is te d  m e a s u r in g  m a ch in e s  at G lasgow , one was lo c a te d  in  
the  m o s t s u ita b le  p o s it io n  in  the  m a ch in e  shop to  m a x im is e  on the  
advantages and to  m in im is e  the  a fo re m e n tio n e d  d isa d va n ta g es , w h ile  
the  second m a ch in e  was a c o m p ro m is e  be tw een q u a li ty  c o n tro l and 
p la n n in g  d iv is io n  and d id  not s a t is fy  a l l  the  needs o f each g ro u p . T h is  
appea rs  to  be a t r i v i a l  m a n n e r on the s u rfa c e  bu t i t  is  o f fu n d a m e n ta l 
im p o rta n c e  to  th e  e ffe c tiv e n e s s  o f the  fu n c tio n  u s in g  the  te ch n o lo g y .
I t  is  e q u a lly  im p o r ta n t to  the  f in d in g s  of th is  re s e a rc h  as the  new te c h ­
n o lo g y  c e n tra l to  the  s tu d y  is  not o f p r im a r y  dependence to  the  e n te r -  
p i is e  bu t m o re  o f a f r in g e  te c h n o lo g y  not u n lik e  th e  c o m p u te r, w ith o u t 
w h ich  the  b u s in e ss  co u ld  co n tinue  to  fu n c tio n  a lb e it  le s s  e f fe c t iv e ly .
In  s u m m a ry , the  lo c a t io n  o f the  m e a s u r in g  m a ch in e  te ch n o lo g y  m u s t 
be p a r t  o f a to ta l in te g ra te d  p la n  o r  s y s te m  fo r  th e  w ho le  m a ch in e  
shop. T h e  m a in ten a n ce  o f the  m e a s u r in g  eq u ip m e n t is  v e r y  m uch  
s u p p lie r  o r ie n ta te d  m a in ly  due to  the  e le c tro n ic s  a sso c ia te d  w ith  the  
b a s ic  c o n tro ls .  C a te r p i l la r  at G lasgow , w h ile  ab le  to  p e r fo rm  som e 
m a in ten a n ce  a c t iv it ie s ,  a re  dependent upon the se  e x te rn a l s e rv ic e s  to  
c o v e r m a jo r  p ro b le m s , the  new m e a s u r in g  te c h n o lo g y  u n lik e  the  N. C . , 
m a ch in e s  to o ls  d is cu sse d  in  ch a p te r 3, had v i r t u a l ly  no im p a c t upon 
the  m a in te n a n ce  g ro up  at the  p la n t.
C o n tro l S ys te m s.
T h e  im p o r ta n t q u e s tio n  of how s u c c e s s fu l the  im p le m e n ta t io n  o f new 
m e a s u r in g  m a ch in e  te ch n o lo g y  a t G lasgow  p la n t was can o n ly  be judged  
b y  the  f in a l  re s u lts  ob ta ined , bu t th is  aspect m a y  not be as easy to  d e ­
te rm in e  fo r  th is  te ch n o lo g y  as i t  w ou ld  be fo r  say a m a ch in e  to o l w h ich  
can be a c c u ra te ly  and q u ic k ly  assessed  based on i ts  p ro d u c t iv ity  o v e r
a m e a s u re d  p e r io d  o f t im e . T he  new m e a s u r in g  m a ch in e  te ch n o lo g y  
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m u s t be judged  on the  e ffe c tiv e n e s s  o f i ts  s e rv ic e  to  the  m a ch in e  shop 
in  te rm s  o f m in im is in g  w a it in g  t im e  b y  the  m a ch in e  to o l u n t i l  c o n f irm ­
a tio n  o f the  a c c u ra c y  o f i ts  ou tpu t is  g iven . I f  th is  c o n f irm a t io n  can 
be g ive n  in  a fa s te r  ra te  b y  u s in g  the  new m e a s u r in g  m a ch in e  te ch n o ­
lo g y  o v e r th a t o f co n ve n tio n a l m e a s u r in g  te c h n o lo g y , then  the  d i f f e r ­
ence in  t im e  m u s t be re f le c te d  in  the  re a l r e tu rn  on in v e s tm e n t. 
C a te rp i l la r ,  G lasgow  d e m o n s tra te d  b y  c a re fu l a n a ly s is  th a t be tw een  
60 and 70 p e rc e n t im p ro v e m e n ts  cou ld  be ach ie ve d  be tw een  o ld  and 
new te c h n o lo g ie s  and thus  ju s t i f ia b ly  c o n s id e re d  th a t th e  in n o v a tio n  
had been a success  f o r  the  f i r m .  W ha t c o n c lu s io n s  can be d ra w n  f r o m  
th is  s e c tio n  o f the  s tu d y  to  e nsu re  success o f a l l  s im i la r  types  o f 
p ro c e s s  in n o va tio n ?  C e r ta in ly  i t  w ou ld  a ppea r e s s e n t ia l th a t a con ­
s id e ra b le  am oun t o f p r io r  s tu d y  be m ade o f the  concep t o f the  new 
te ch n o lo g y  a g a in s t the  a p pa re n t need o f t r y in g  to  d e te rm in e  i f  th e re  
w e re  any p o s s ib le  a lte rn a t iv e s  to  the  m e a s u r in g  m a ch in e  s o lu tio n . I t  
was noted th a t m a x im u m  use was m ade o f th e  m u lt in a t io n a l e x p e rie n c e  
b y  se e k in g  a d v ice  on the  b e s t typ e s  o f m e a s u r in g  m a ch in e s  a v a ila b le  
and th is  was fo llo w e d  up b y  v is i t s  to  o th e r B r i t is h  u s e rs  and B r i t is h  
s u p p lie rs . C o m p re h e n s ive  s tu d ie s  w e re  m ade o f com ponen ts  b e in g  
m a d e .in  th e  p la n t to  d e te rm in e  p o s s ib le  uses fo r  the  m e a s u r in g  m a ­
ch in e , e s p e c ia lly  the  c o m p u te r -a s s is te d  m o d e ls . C om ponent c o m ­
p le x ity ,  v a lu e  and v o lu m e  w e re  a s c e rta in e d  to g e th e r  w ith  a l is t in g  o f 
the  m o s t c r i t i c a l  com ponen ts  in  the  re la t io n s h ip  to  p o s s ib le  fa i lu r e  
w ith in  the  t r a c to r  o r  f in a l  p ro d u c t. I t  is  conc luded  th e re fo re  th a t the 
above a c t iv i t y  p r io r  to  the  a c q u is it io n  and im m e d ia te ly  a f te r  c o m ­
m is s io n in g  o f the  m e a s u r in g  m a ch in e  te ch n o lo g y  in  the  p la n t, u n d e r­
lin e s  th e  p r im e  im p o r ta n c e  o f e lim in a t in g  te c h n ic a l,  o rg a n is a tio n  and 
u t i l is a t io n  snags.
T h e  second m a jo r  c o n c lu s io n  fo rm  th is  C a te r p i l la r  s tu d y  is  con ce rn e d  
w ith  e n s u r in g  th a t a good re tu rn  in  in v e s tm e n t is  a ch ieved  in  the  re a l  
a c t iv i t y  b y  the  m a x im is a t io n  of m a ch in e  u t i l is a t io n  d u r in g  the  w o rk in g  
s h if t ,  th is  a c t iv i t y  is  d e ta ile d  in  A p p e n d ix  G u n de r the  head ing  of 
’ ’Savings a ch ie ve d  b y  im p ro v in g  C M M  c a p a c ity  a t G lasgow  P la n t ” . I t
is  im p o r ta n t  f o r  to ta l success  th a t u lt im a te  and id e a l goa ls  be se t fo r
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th e  lo a d in g  o f the  m e a s u r in g  m a ch in e  to  m a x im u m  c a p a c ity . I t  was 
show n in  s e c tio n  No; 4 , 3 th a t m a n u fa c tu re rs  and s u p p lie rs  tend  to  
h ig h lig h t th e  m a n y  advantages of the  new m e a s u r in g  m a ch in e  te c h n o ­
lo g y , 11 such advantages a re  g ive n  in  the  te x t. H o w e v e r th e re  a re  
d isad va n tages  w ith  the  te c h n o lo g y  and each f i r m  o r  p la n t has to  c a re ­
fu l ly  judge  how  the se  advantages and d isadvan tages w i l l  a ffe c t the  
o rg a n is a tio n  in  te rm s  o f im p a c t on s tru c tu re ,  s y s te m s  o r  peop le . 
W h e re  p o s s ib le , v a lid a t io n  te s ts  sh ou ld  be c a r r ie d  out on m e a s u ra b le  
fa c to rs  such as speed, a c c u ra c y , re p e a ta b il i ty  and o th e r such fa c to rs .  
T h e  concern* fo r  m a x im u m  r e tu r n  on in v e s tm e n t (R O I) a t C a te r p i l la r ,  
G lasgow  is  h ig h  and the  c o n tro l s ys te m s  re la te d  to  R O I and the  new 
m e a s u r in g  m a ch in e  has a lre a d y  been show n to  be of m a jo r  e ffe c t in  
s e c tio n  No: 4. 2 o f th is  ch a p te r. T h e  e ffe c t iv e  u t i l is a t io n  o f th is  e q u ip ­
m e n t con tinu e s  to  be a ch a lle n g e  to  the  m anagem ent g ro u p . T h e  co n ­
s tra in ts  a g a in s t e ffe c t iv e  use c o v e r p ro b le m s  a ss o c ia te d  w ith  s h o r t ­
ages o f p a r ts  r e s u lt in g  in  no t im e  b e in g  a v a ila b le  f o r  the  in s p e c tio n . 
(T h is  p ro b le m  is  o f c o u rs e  not p e c u lia r  to  m e a s u r in g  m a ch in e s , 
indeed  th e  m e a s u r in g  m a ch in e  shou ld  m in im is e  t im e  fo r  m e a su re m e n t), 
H um an  p ro b le m s  have a lso  been o b se rve d , w ith  in s p e c to rs  u n i la te r ­
a l ly  d e c id in g  to  m e a s u re  by  co n ve n tio n a l m e thods  ra th e r  th a n  b y  the  
m e a s u r in g  m a ch in e . T h is  a tt itu d e  b y  the  in s p e c to r  co u ld  be re la te d  to  
h is  w is h  to  r e ta in  h is  hand s k i l ls  and know ledge , o r  a b a s ic  d is t ru s t  
o f the  m e a s u r in g  re s u lts :  w h ic h e v e r the  re a son s  i t  has a ne ga tive  
e ffe c t upon the  u t i l is a t io n  of the  equ ipm en t.
P e o p le .
T h e  next c o n c lu s io n  f r o m  th is  s tu d y  is  co n ce rn e d  w ith  peop le  and 
in i t ia l ly  those  in v o lv e d  w ith  the  p re p a ra t io n  o f c o m p u te r  p ro g ra m m e s  
fo r  the  c o m p u te r -a s s is te d  m e a s u r in g  m a ch in e . In  c h a p te r 3 d e ta ile d  
re fe re n c e  w as m ade to  the  q u e s tio n  o f c o m m u n ic a tio n  as re la te d  to  
a l l  le v e ls  o f the  w o rk fo rc e  w ith in  the  o rg a n is a tio n . I t  was s tro n g ly  
re co m m e n d e d  th a t b lu e  c o l la r  h o u r ly  p a y ro l l  w o rk e rs  shou ld  re c e iv e  
the  le a s t advance n o tic e  p o s s ib le  about any p e nd ing  change in v o lv in g  
new te ch n o lo g y  and th a t m o n th ly  p a id  s u p e rv is io n  be in v o lv e d  at an 
e a r ly  s tage  in  o rd e r  th a t th e y  m ake  a c o n tr ib u t io n  to  the  p ro p o s a l and 
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a ls o  h e lp  to  sm o o th  the  w ay  fo r  its  im p le m e n ta t io n  in  the  shop. Now 
the  w e e k ly  p a id  w h ite  c o l la r  p la n n e rs  need to  be tre a te d  d if fe re n t ly  
aga in  w ith  re s p e c t to  c o m m u n ic a tio n s  because  on one hand th e y  have 
a ve s te d  and p e rs o n a l in te re s t  in  the  g ro w th  o f th e i r  in d iv id u a l jo b s , 
w h ile  on the  o th e r  hand, th e y  b e lo n g  to  a u n io n ise d  b ody  w h ich  in  the  
C a te r p i l la r  case, is  b ra n ch e d  in to  the  h o u r ly  u n ion s , th a t is  TASS 
(w h ite  c o l la r )  is  a b ra n c h  o f the  A U E W  (b lue  c o l la r ) .  T h e  f i r s t  fa c to r  
is  an in t r in s ic a l ly  re la te d  fa c to r  to  the  p la n n e r 's  ta s k  and te c h n o lo g i­
c a l g ro w th  can be h ig h ly  m o tiv a t io n a l,  th e re fo re  advanced c o m m u n i­
ca tio n s  a re  an e s s e n tia l f o r  p re p a r in g  the  p la n n e r fo r  h a n d lin g  the  
new tapes to  c o n tro l the  new m e a s u r in g  m a ch in e s . T h e  second fa c to r  
w ou ld  n a tu ra l ly  le a d  to  e a r ly  and in fo rm a l typ e  c o m m u n ic a tio n  w ith  
b lu e  c o l la r  w o rk e rs  and p e rha p s  le a d  to  som e u n n e c e s s a ry  d is ru p t io n . 
T he  e x p e rie n c e  and th e re fo re  c o n c lu s io n  at C a te r p i l la r  w ou ld  suggest 
th a t a "so o n  as p o s s ib le "  c o m m u n ic a tio n  be m ade to  w e e k ly  p la n n e rs  
about concep ts  o f fu tu re  te ch n o lo g y  e s p e c ia lly  w hen th e i r  c lose  in v o l­
ve m e n t is  n e c e s s a ry  a t the  e a r ly  stages and co n tin u e d  in v o lv e m e n t a t ' 
la te r  s tages w ith  th e  te ch n o lo g y . T h e  use o f the  in fo r m a l c o m m u n ic a ­
t io n  e ith e r  in te nd e d  o r  not at. C a te r p i l la r  has p ro v e d  to  be m o re  
b e n e f ic ia l tha n  d e tr im e n ta l.
One o f the  in i t ia l  p o in ts  deve loped  in  the  4 p o s s ib le  ou tcom es f r o m  
th is  re s e a rc h  w as the  f in d in g  o f a "M e th o d  o f c o n v e r t in g  m a n u a l s k i l l  
to  know ledge  s k i l l " .  T h is  p o in t is  fu r th e r  d is cu sse d  as the  re s e a rc h  
t r ie s  to  d e fin e  th e  c ra fts m a n  as b e in g  o f a h ig h e r  s ta tu s  than  o th e r 
m a n u fa c tu r in g  e m p loyees  and the  c ra f t  in s p e c to r  as b e in g  a s p e c ia l 
e l i te  w ith in  th a t g ro u p . T h e  l in e  be tw een  the  a fo re m e n tio n e d  w h ite  
c o l la r  p la n n e r and the  b lue  c o l la r  c ra fts m a n  in s p e c to r  is  v e ry  th in  
indeed  and th e  c o n c lu s io n  a t C a te r p i l la r  is  to  h e lp  th e  b lu e  c o l la r  
em p lo yee  g ro w  in  h is  ta s k  b y  fu r th e r  t ra in in g  and not take  the  re v e rs e  
ro u te  h ig h lig h te d  in  o th e r  re s e a rc h  by  h is  con tinuou s  d e -s k i l l in g .
T h is  change is  som ew ha t re f le c te d  in  the  o rg a n is a tio n  s t ru c tu re  of 
C a te r p i l la r ,  G lasgow  p la n t 's  q u a lity  c o n tro l w h e re  th e  span o f c o n tro l 
has a m a x im u m  va lu e  o f 5 and a m a x im u m  o f 5 le v e ls  in c lu s iv e  b e ­
tw een  the  m o s t s e n io r  q u a li ty  m a n a g e r and the  h o u r ly  p a id  in s p e c to r .
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Table No: 4, 4,
OBSERVED EFFECTS OF NEW TECHNOLOGY
— :.......... - - ■ .....  - ■ - ; _ . . _ _ - . . .  --- . r  ----- ^
F a c to r E le m e n t C hange E ffe c t
T y p e :
O rg a n is a t io n H o r iz o n ta l  P re s s u re s B W id e r  Span
S tru c tu re ■ V e r t ic a l  P re s s u re s D None
D ir e c t  A u th o r i t y  L in e s C D u p lic a t io n
F u n c t io n a l -d o - B In c re a s e d
In fo rm a t io n  f lo w  lin e s A In c re a s e d
W o rk  f lo w  d is c ip l in e s B W o rk  to  M an
In fo r m a l -  F o r m a l C M o v in g  to  F o rm a l
M a n ag e m e n t S u p p o r t-T o p  M a n a g e r B M a rg in a l
S u p p o r t-M id d le  M a n a g e r A V a r ia b le
In v o lv e m e n t B D ire c t  U s e r
A c c e p ta n c e -R e s p c n s ib il i t ie s B D ire c t  U s e r
In n o v a to rs . B D ir e c t  U s e r
S tra te g ie s O b je c tiv e s C M in im a l
L o n g  T  e rm  P la n s D None
E d u c a t io n -T  ra in in g B H ap h a za rd
T  earns -T  earn w o rk B F o rm a lis e d
M ach ine- Shop G ro w th A S u b s ta n tia l
E n v iro n m e n t. S e le c t io n B C o n tro lle d
L o c a t io n B C o m p ro m is e d
M a in te n a n c e C M in im a l In te rn a l
C o n tro l S ys te m s R . O. I .  C o n tr ib u t io n A H ig h
U t i l is a t io n C U n c o n tro lle d
E f f ic ie n c y c L o w
P eople E m p lo y m e n t S h ifts A F e w e r B lu e  C o U a r
S k m s B In c re a s e d
R e s is ta n c e D None
In te g ra t io n D None
S a tis fa cu lo n B M o d e ra te
M a n n in g C S e n io r ity
S ta tus A In c re a s e d
In flu e n c e . A  . ■In c re a s e d
Change T y p e  - A -O n e  s tep  Change, B -C u m u la t iv e  Change.
C -C o n tin u o u s  Change, D - N i l  o r  N ot O b se rve d ,
T h e  re f le c t io n  is  based  on the  aspect o f g ro w th  in  th a t the  q u a lity  
a ssu ra n ce  d iv is io n  has becom e o f g re a te r  im p o r ta n c e  in  i ts  o v e ra l l  
r o le  o f p re v e n tio n  o f q u a li ty  p ro b le m s ; i t  has not g ro w n  n u m e r ic a lly  
in  p e rs o n n e l bu t the  s ta f f  m e m b e rs  o f th is  d iv is io n  have adopted b y  
des ign , an a d v is o ry  and t r a in in g  r o le  in  o rd e r  to  h e lp  the  lo w e r  le v e l 
b lu e  c o l la r  w o rk e rs  to  m ake  a m o re  e ffe c t iv e  c o n tr ib u t io n . In  con ­
c lu s io n  th e re fo re  th is  re s e a rc h  shows th a t C a te r p i l la r  a re  a tte m p tin g  
to  in c re a s e  the  s k i l l  o f the  b lu e  c o l la r  c ra fts m a n  b y  open ing  up h is  
ta s k  to  in c lu d e  w o rk  p re v io u s ly  though t to  be the  d o m a in  o f the  w e e k ly  
p a id  w h ite  c o l la r  p la n n e r. A  good exam p le  o f th is  is  shop f lo o r  c o m ­
p u te r  p ro g ra m m in g  b y  the  c ra f t  in s p e c to r . 8 e le m e n ts  o f the  fa c to r  
c o n c e rn in g  peop le  and th e  o b se rve d  e ffe c ts  o f new te ch n o lo g y  w e re  
d iscu sse d  in  th e  te x t o f th is  ch a p te r.
S ec tio n  No: 4. 4 d is cu sse d  the  re sp o n se s  to  the  a tt itu d e  s u rv e y  c o v e r ­
in g  s ta tu s , s e lf -a s s u ra n c e , co n c e rn  fo r  new e q u ip m e n t, in f lu e n c e  and 
p o w e r re la t io n s h ip s  w ith  o th e r  em p loyees and f in a l ly  job  s a t is fa c t io n .
I t  was co nc lud ed  f r o m  the  fin d in g s  th a t a l l  o f the  above c o n d itio n s  had 
been s u b je c t to  som e d eg ree  o f change due to  th e  new m e a s u r in g  m a ­
ch ine  te c h n o lo g y . S e c tio n  No; 4. 5 re s e a rc h e d  the  p ro b le m s  a sso c ia te d  
w ith  the  accep tance  o f job  change due to  th e  in te g ra t io n  o f new te ch n o ­
lo g ie s . I t  conc luded  th a t in te g ra t io n  o f job  ta s k s  w i l l  p ro v e  to  be a 
m a jo r  c o n s tra in t to  the  m e rg in g  o f new te c h n o lo g ie s  d e s p ite  th e  fa c t 
th a t th e  h a rd w a re  te c h n o lo g y  m aybe  re a d i ly  a v a ila b le ; th e  hum an p r o ­
b le m s  w i l l  tend  to  s lo w  down the  p ro c e s s  o f to ta l in te g ra t io n . S e c tio n  
No: 4. 6 in v e s tig a te d  th e  q u e s tio n  o f d e -s k i l l in g ,  le s s  re q u ire d  kn o w ­
led g e  and fe w e r  in s p e c to rs  n e c e s s a ry  due to  th e  use o f m e a s u r in g  m a ­
ch ines . I t  conc luded  th a t in s p e c to rs  w e re  v e ry  co n ce rn e d  about de ­
s k i l l in g  o f th e ir  c ra f t ,  m i ld ly  co nce rned  about le s s  know ledge  b e in g  
re q u ire d  and not co n ce rn e d  about fe w e r  in s p e c to rs  i f  a lre a d y  o p e ra t­
in g  a m e a s u r in g  m a ch in e  bu t m o s t conce rned  i f  not a lre a d y  us in g  the  
m e a s u r in g  m a ch in e  te ch n o lo g y .
O v e ra ll C o n c lu s io n s .
A p p e n d ix  K  d e s c r ib e d  how  the  a tt itu d e  s u rv e y  w as deve loped  and 
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a lth ou g h  th e re  is  n o th in g  new in  the  a pp ro ach  adopted  in  th is  re s e a rc h , 
i t  does con c lude  th a t p i lo t  s tu d ie s  w ith  e x p e r im e n ta l q u e s tio n n a ire s  
a re  a lm o s t m a n d a to ry  i f  a h ig h  q u a lity  f in a l  q u e s t io n n a ire  is  re q u ire d  
f o r  the  re s e a rc h . 3 d if fe re n t  p ilo t  ru n s  w e re  conducted  at G lasgow  
P la n t and 3 t im e s  the  q u e s tio n n a ire s  w e re  re d e s ig n e d  to w a rd s  the  
s e a rc h  fo r  a n e a r p e r fe c t v e h ic le . T he  concep t o f th e  "ch a n g e " and 
" c o n t r o l"  g ro up s  was used to  d e te rm in e  i f  th e re  w e re  any d is c e rn a b le  
a t t i tu d in a l d if fe re n c e s  be tw een  in s p e c to rs  u s in g  the  new te ch n o lo g y  
and th o se  in s p e c to rs  not u s in g  i t ;  th is  p ro ve d  to  be a v e ry  u se fu l to o l 
in  the  f in a l  a n a ly s is  o f the  2 q u e s tio n n a ire s  used in  th is  re s e a rc h  s tu d y  
a t th is  s tage . I t  fu r th e r  p ro v id e d  a good da tum  base fo r  the  d e s ig n  o f 
the  q u e s t io n n a ire  fo r  the  f u l l  m u lt in a t io n a l o rg a n is a t io n  and fo r  the  
m a jo r  s u rv e y  o f 287 f i r m s  in  B r i t a in  and A m e r ic a n ,
T he  o v e ra l l  f in d in g s  f r o m  the  a tt itu d e  s u rv e y  in c lu d in g  tho se  s p e c if ic ­
a l ly  d is cu sse d  in  th e  te x t, had som e v e ry  in te re s t in g  and u s e fu l co n ­
c lu s io n s , som e o f these  a re  d e s c r ib e d  as fo l lo w s : -
1. Y o u n g e r c ra fts m e n  em p loyee s  a re  b e in g  p la ce d  on th e  new te c h n o ­
lo g ie s  e ith e r  b y  m anagem ent d es ign  o r  b y  re lu c ta n c e  on the  p a r t  
o f the  o ld e r  e m p loyee s  to  s ta r t  to  le a rn  new d is c ip lin e s  p e rhaps  
th ro u g h  fe a r  o r  le th a rg y ,
2. T h e  re s e a rc h  showed th a t le s s  than  30 p e rc e n t o f the  c o -o rd in a te  
m e a s u r in g  m a ch in e  o p e ra to rs  had been in  the  in s p e c tio n  fu n c tio n  
5 y e a rs  ago and th a t 92 p e rc e n t o f the  re sp o n se s  in d ic a te d  th a t 
the  em p lo ye e  had got a job  m ove , p ro m o tio n  o r  s id e w a ys , d ir e c t ly  
due to  the  advent o f som e new te ch n o lo g y  no t n e c e s s a r i ly  m e a ­
s u r in g  m a ch in e s .
3. C o n tra ry  to  o th e r  re s e a rc h  f in d in g s  w h ic h  show ed new te c h n o ­
lo g ie s  to  be d e -s k i l l in g  o p e ra tiv e s , th is  s tu d y  shows th a t c r a f t s ­
m e n 's  te c h n ic a l s k i l ls  a re  b e in g  ra is e d  m a rg in a lly .
4. No m a jo r  b e h a v io u ra l s igns  o f d is s a t is fa c t io n  a re  a p p a re n t. 
A b s e n te e is m  a ve rag e s  4, 5 p e rc e n t a g a in s t 8. 5 p e rc e n t f o r  a l l  
b lu e  c o l la r  w o rk e rs ,  tu rn o v e r  was a lm o s t n e g lig ib le  a t 2 to  3 p e r  
cent and g r ie v a n c e s  non e x is te n t.
5. T h e  c o n tro l g ro up , th a t is  in s p e c to rs  not o p e ra tin g  C M M s s ta te d  
th e y  w ou ld  w e lco m e  an o p p o r tu n ity  to  w o rk  on the  new te ch n o lo g y  
even i f  i t  had m ea n t a d ro p  in  wage ra te .
6. T h e  o p e ra to r  g ro up  c la im  th a t th e y  had ga ined  an in c re a s e  in  
s ta tu s  s in ce  th e y  m oved  onto th e  m e a s u r in g  m a ch in e .
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7. T h e re  w e re  no f in a n c ia l o r  o th e r b e n e fits  fo r  the  in s p e c to r  to  
m ove  to  the  equ ipm e n t as he was a lre a d y  a to p  le v e l c ra fts m a n ,
8. T h e re  was a b s o lu te ly  no re s is ta n c e  to  the  new m e a s u r in g  te c h ­
no lo gy .
9. No a lie n a t io n  w as o b se rve d  be tw een g ro u p s . R e la tio n s h ip s  had 
im p ro v e d  be tw een  b o th  the  C M M  in s p e c to r  and the  p ro d u c tio n  
s u p e rv is o r  and a lso  the  C M M  in s p e c to r  and th e  m a c h in is t.
10. T h e  C M M  in s p e c to r  c o n s id e re d  th a t h is  in f lu e n c e  o v e r th e  m a c h in ­
is t  had in c re a s e d  and h is  p o w e r o f p e rs u a s io n  had in c re a s e d  w ith  
the  p ro d u c tio n  s u p e rv is o r .
11. P ro d u c t io n  s u p e rv is o rs  in  the  ^ v iew po in t o f th e  C M M  o p e ra to r  had 
becom e m uch  m o re  dependent upon the  C M M  o p e ra to r  and the  
w h ite  c o l la r  p la n n e r,
12. T h e  C M M  o p e ra to rs  a d m itte d  to  the  im p o rta n c e  o f fa s te r  ch e ck ­
in g  bu t d id  not show  c o n c e rn  f o r  the  fa c t th a t u lt im a te ly  th is  cou ld  
le a d  to  th e  need fo r  fe w e r  in s p e c to rs .
13. A  m o s t im p o r ta n t fa c to r  to  m anagem ent o f le s s  d o w n tim e  on p r o ­
d u c tio n  m a ch in e s  was ra te s  as b e in g  u n im p o rta n t b y  a lm o s t h a lf  
o f the  g ro u p .
14. I t  was o b se rve d  th a t C M M  o p e ra to rs  appeared  to  s h ie ld  th e i r  
s k i l ls  b y  im p ly in g  th a t the  new te ch n o lo g y  w as no t e asy  to  o p e ra te .
15. T h e  c o m p u te r  on the  s h o p flo o r  a ppea rs  to  co n tinu e  to  c a r r y  a 
m y s tiq u e  about i ts  o p e ra tio n ,
16. T he  m a jo r i t y  o f bo th  C M M  o p e ra to rs  and o th e r  in s p e c to rs  cou ld  
not a cce p t th e  fu tu re  concept o f h a v in g  th e i r  c u r re n t  r o le  in te ­
g ra te d  w ith  th e  p ro d u c tio n  g roup .
17. B lu e  c o l la r  em p loyees  who a lre a d y  w o rk  on th e  la te s t advanced 
te c h n o lo g ie s  a re  le s s  co n ce rn e d  about fu tu re  p ro b le m s  o f de­
s k i l l in g ,  le s s  know ledge  re q u ire d  and fe w e r  jo b s , than  th ose  who 
do not w o rk  on the  new te ch n o lo g ie s .
(A ppend ix  L  p ro v id e s  d e ta il o f re sp on se s  to  q u e s t io n n a ire s  used in  the  
s in g le  m a n u fa c tu r in g  p la n t s tu d y  -  see page 523).
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CONNECTING SUMMARY
C h a p te r 4 co m p le te d  th e  in v e s t ig a t io n  o f the  s in g le  m a n u fa c tu r in g  
p la n t on the  o b se rve d  e ffe c ts  o f new m e a s u r in g  m a ch in e  te ch n o ­
lo g y  on d if fe re n t  aspec ts  o f the  e n te rp r is e . I t  w as show n how  
c o -o rd in a te  m e a s u r in g  m a ch in e s  w e re  in tro d u c e d  to  the  p la n t and 
th e  e ffe c ts  th e se  m a ch in e s  had on the  o rg a n is a tio n  o f q u a lity  
c o n tro l.  E v id e n ce  w as o b ta ined  f r o m  v a r io u s  a n a ly t ic a l s tu d ie s  
on b o th  th e  f in a n c ia l and t im e -s a v in g s  d e r iv e d  f r o m  the  use o f 
c o -o rd in a te  m e a s u r in g  m a ch in e  te ch n o lo g y . A n  in -d e p th  a tt itu d e  
s u rv e y  w as c a r r ie d  out on the  b a s is  o f the  e x p e r ifn e n ta l and co n ­
t r o l  g ro u p  te ch n iq u e  to  e s ta b lis h  w ha t b e h a v io u ra l changes had 
been fe l t  and o b se rve d  b y  peop le  d ir e c t ly  and in d ir e c t ly  a ffe c te d  
b y  c o -o rd in a te  m e a s u r in g  m a ch in e  te c h n o lo g y .
T h e  re s e a rc h  p ro je c t  is  w id ened  in  c h a p te r 5 in  o rd e r  to  s tu d y  
th e  im p a c t and p ro b le m  o f new c o -o rd in a te  m e a s u r in g  m a ch in e  
te c h n o lo g y  on a m u lt in a t io n a l o rg a n is a tio n  o f 23 p la n ts  in  d i f f e r ­
ent a re a s  o f th e  w o r ld .  T h e  o rg a n is a tio n  and s y s te ih s  o f c o n tro l 
a re  s im i la r  b u t th e  f in d in g s  w i l l  show  d if fe re n c e s  in  re a c t io n  to  
the  in t ro d u c t io n  and use o f th is  new te ch n o lo g y .
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C H A P T E R  5 -  New M e a s u r in g  M a ch in e  T e c h n o lo g y  in  the  M u lt i ­
n a t io n a l.
5 .1  -  T H E  O B J E C T IV E  OP T H IS  C H A P T E R .
T h e  o b je c tiv e  o f c h a p te r 5 is  to  s tu d y  the  re s u lts  o f a f ie ld  s tu d y  on a 
m u lt in a t io n a l o rg a n is a tio n  co n c e rn in g  the  im p a c t and p ro b le m  o f new 
m e a s u r in g  m a ch in e  te ch n o lo g y . T h e  s p e c if ic  a im s  o f th is  s tu d y  w i l l  
be to  -
o R e p o rt on typ e s  o f m e a s u r in g  te ch n o lo g y  used,
o E x a m in e  changes in  o rg a n is a tio n  s tru c tu re ,
o A n a ly s e  th e  e x te n t o f re s is ta n c e  to  change.
o A n a ly s e  b e h a v io u ra l changes in  in te r -g ro u p  and in te r -p e rs o n a l
re la t io n s h ip s .
o C o n s id e r  a tt itu d e s  to  in te g ra t io n  and d is s a t is fa c t io n ,
o A n a ly s e  th e  e ffe c ts  on s ta tu s  and job  in te re s t .
T h e  te x t w i l l  be su p p o rte d  b y  fu r th e r  m a te r ia l  c o m m itte d  to  A p p e n d ix  
w h ic h  w i l l  c o v e r th e  fo l lo w in g  -
o T h e  re s e a rc h  d e s ig n  f o r  th e  m u lt in a t io n a l p la n ts , (see A p p e n d ix
M ).
o T r ip a r t i t e  q u e s t io n n a ire  sen t to  C a te r p i l la r  P la n ts  w o r ld w id e  to
o b ta in  th e  b a s ic  data , (see A p p e n d ix  O),
o B a s ic  h is to r y  o f C a te r p i l la r  T r a c to r  C om pany w o r ld w id e  s u p p o r t­
ed b y  o rg a n is a t io n  s tru c tu re s ,  p la n t d e ta ils  on y e a r  founded, 
p ro d u c t and a re a . T h e  s ig n if ic a n t f in a n c ia l tre n d s  f r o m  1968 to  
1977. (see A p p e n d ix  N).
o O v e ra l l  re sp o n se  f r o m  t r ip a r t i t e  q u e s t io n n a ire , (see A p p e n d ix  Q ).
H ig h lig h ts  o f A im s  and F in d in g s .
A c c o rd in g  to  in fo rm a t io n  re c e n t ly  p u b lish e d  b y  th e  h e a d q u a rte r 's  
g ro u p  o f C a te r p i l la r  T r a c to r  C om pany in  P e o r ia ,  I l l in o is ,  Ü. S. A . , 
C a te r p i l la r  is  the  la rg e s t  p r iv a te  com pany o w n e r o f c o -o rd in a te  m e a ­
s u r in g  m a ch in e s  (C M M s) in  the  w o r ld .  T h is  re s e a rc h  w i l l  d is c u s s  the  
v a r io u s  typ e s  o f C M M s used b y  the  com pany w o r ld w id e , w h e re  th e y  
a re  lo c a te d  p la n t b y  p la n t, and th e  ba lance  be tw een  A m e r ic a n  based 
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and non A m e r ic a n  based  p la n ts . T h e  rea son s  w hy  c e r ta in  C M M  
te c h n o lo g y  w as chosen w i l l  be show n and ag a in  som e d if fe re n t ia t io n  
w i l l  be re f le c te d  be tw een  A m e r ic a n  and non A m e r ic a n  p la n ts . T h e  
so u rc e  o f f i r s t  know ledge  o f new te ch n o lo g y  has been a s u b je c t o f 
s e v e ra l p re v io u s  re s e a rc h  a c t iv it ie s ,  L a n g r is h  et a l a tte m p te d  to  
e s ta b lis h  the  s o u rc e  o f new in n o v a tio n s  and the  c o n tr ib u t io n  m ade b y  
v a r io u s  a u th o r it ie s  engaged in  re s e a rc h  re la te d  to  new te ch n o lo g y . (15). 
T h e  a im  o f th is  s e c tio n  o f th e  re s e a rc h  was to  e s ta b lis h  f r o m  w h ic h  
o f s e v e ra l p o s s ib le  so u rce s  did. the  m u lt in a t io n a l p la n ts  le a rn  about 
new  te c h n o lo g ie s . T h is  q u e s tio n  is  in  fa c t deve loped  la te r  in  the  r e ­
s e a rc h  w ith  m u lt ip le x  p la n ts . T h e  d e c is io n  to  in v e s t in  an expen s ive  
m e a s u r in g  m a c h in e  shou ld  no t be ta ke n  too  l ig h t ly  and th is  s tu d y  
a tte m p ts  to  d is c o v e r  to  w h a t e x te n t th e  m u lt in a t io n a l p la n ts  c a r r ie d  
out p re  in v e s t ig a t io n  s tu d ie s  b e fo re  m a k in g  th e  d e c is io n  to  in v e s t.
C h a p te rs  3 and 4 o f th is  re s e a rc h  showed th a t c o n s id e ra b le  s h if ts  in  
e m p lo y m e n t and changes in  o rg a n is a tio n  s t ru c tu re  w e re  m ade due to  
the  im p a c t o f new te c h n o lo g y . T h is  s e c tio n  o f the  re s e a rc h  a tte m p ts  
to  s tu d y  th e  sam e q u e s tio n , th a t is ,  has the  in t ro d u c t io n  o f the  new 
m e a s u r in g  m a ch in e  te c h n o lo g y  c re a te d  h o r iz o n ta l and v e r t ic a l  p r e s ­
s u re s  w h ic h  have u t l im a te ly  lea d  to  changes in  th e  s t ru c tu re ,  and 
w ha t, i f  any, changes in  m a n p o w e r have re s u lte d  f r o m  th e  e ffe c t o f 
th is  te ch n o lo g y . 23 o rg a n is a tio n  c h a rts  a re  s tu d ie d  and d iscu sse d  
to g e th e r  w ith  th e  d e ta ils  o f m a n p o w e r at each o f th e  p la n ts  th ro u g h o u t 
th e  w o r ld w id e  o rg a n is a tio n . C om m o n  fe a tu re s  a re  l is te d  fo r  a l l  
p la n ts  fo llo w e d  b y  a s im i la r  a n a ly s is  o f the  m a jo r  d if fe re n c e s .
Changes m ade a t s p e c if ic  p la n ts  a re  id e n t if ie d  and co m p a re d  w ith  a l l  
o th e r  C a te r p i l la r  p la n ts  and the  b e n e fits  d e r iv e d  f r o m  c e n tra l s e r ­
v ic e s  a re  e xp la in e d , thus m in im is in g  the  p o s s ib i l i t ie s ,  o r  indeed th e  
need, to  d u p lic a te  s k i l ls  and know ledge .
T h e  b a s ic  th e o r ie s  o f Jam es R. B r ig h t  on the  p ro b le m s  o f re s is ta n c e  
to  te c h n o lo g ic a l in n o v a tio n  a re  te s te d  (38). B r ig h t  o r ig in a l ly  id e n t i­
f ie d  12 re a so n s  w hy  new te c h n o lo g ie s  o r  te c h n o lo g ic a l changes a re
opposed - th e se  re a so n s  have been re - in te r p r e te d  in  th is  re s e a rc h  
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and re d u ce d  to  9 re a son s  w hy  peop le  w ou ld  r e s is t  changes a sso c ia te d  
w ith  the  in t ro d u c t io n  o f new m e a s u r in g  m a ch in e  te c h n o lo g y . T he  
re s u lts  p re s e n te d  b y  23 C a te r p i l la r  p la n ts  w o r ld w id e  a re  ta b le d  and 
d iscu sse d  in  th is  s e c tio n . T h is  q u e s tio n  w i l l  once a g a in  be d iscu sse d  
la te r  in  th e  re s e a rc h  w ith  a m uch  la r g e r  p o p u la tio n  o f f i r m s .  One o f 
the  ke y  a rg u m e n ts  o f th is  re s e a rc h  is  th a t new te ch n o lo g y  w i l l  have 
som e im p a c t on the  peop le  m o s t c lo s e ly  a s s o c ia te d  w ith  i t  in  th e  f i r m .  
T h is  s e c tio n  a tte m p te d  to  show w ha t d e g re e  o f e ffe c t th e  new m e a ­
s u r in g  te c h n o lo g y  has had on 1|he in te r -g ro u p  and in te r -p e rs o n a l 
re la t io n s h ip s  o f c ra f t  in s p e c to rs , m a c h in is ts  and p ro d u c tio n  s u p e r­
v is o r s ,  T h e  fin d in g s  f r o m  th e  s tu d y  of th e  s in g le  m a n u fa c tu r in g  p la n t, 
as g iv e n  in  c h a p te r 4 , w i l l  be co m p a re d  a g a in s t th o se  o f th e  m u l t i ­
n a tio n a l p la n ts  f o r  changes in  in f lu e n c e , p o w e r and re la t io n s h ip s .
T h is  s u b je c t w i l l  be fu r th e r  s tu d ie d  la te r  in  th e  re s e a rc h  p ro je c t .
R ecen t re p o r ts  in  the  m e d ia  have h ig h lig h te d  th e  r e a l  co n c e rn  o f 
peop le  re la te d  to  th e  d isa p p e a ra n ce  o f c e r ta in  s k i l ls  and th e  in te g ra ­
t io n  o f s p e c if ic  ta s k s , b o th  b ro u g h t about b y  th e  in t ro d u c t io n  o f new 
te c h n o lo g ie s . T h e  T im e s  N e w sp a p e r and Independent T e le v is io n  
la b o u r  d isp u te s  d u r in g  1979, a re  exam p le s  o f th e se  te c h n o lo g ic a l 
d e ve lo p m e n ts . T h e  p ro b le m s  a s so c ia te d  w ith  in te g ra t io n  o f ta s k s  is  
deve loped  in  th is  s e c tio n  o f th e  re s e a rc h , as i t  w as in  C h a p te r 4 , and 
th e  re sp o n se s  g iv e n  b y  23 q u a li ty  c o n tro l m a n a g e rs  a re  ta b le d  and 
d iscu sse d . A s  a s e c o n d a ry  p a r t  to  th e  above, a q u e s tio n  is  posed 
c o n c e rn in g  th e  e ffe c t o f d e -s k i l l in g  of c ra f t  in s p e c tio n  w o rk  as a r e ­
s u lt  o f th e  new te c h n o lo g y . T h is  q u e s tio n  is  fu n d a m e n ta lly  con ce rn e d  
w ith  job  s a t is fa c t io n  as re la te d  to  th e  g ra d u a l re m o v a l o f s k i l l  and 
know ledge  re q u ire m e n t on the  p e r fo rm a n c e  o f g iv e n  m e a s u r in g  ta s k s .
S ta tus and job  in te re s t  w e re  b o th  th e  su b je c t o f s tu d y  in  c h a p te rs  3 
and 4 o f th is  re s e a rc h  th e s is . T h e  q u e s tio n  is  co n tin u e d  in  th is  s e c tio n  
o f th e  re s e a rc h  in  an en deavou r to  e s ta b lis h  i f  th e  s ta tu s  and job  
in te re s t  o f c r a f t  in s p e c to rs  in  the  m u lt in a t io n a l p la n ts  o f C a te r p i l la r  
have been a ffe c te d  b y  the  in tro d u c t io n  o f the  new te c h n o lo g y . A g a in  
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th is  to p ic  o f s ta tu s  is  d is c u s s e d  la te r  in  the  re s e a rc h  p ro je c t  w ith  a 
m u ch  la r g e r  p o p u la tio n  o f f i r m s  and c o m p a r is o n  o f th e  f in d in g s  w i l l  
be d iscu sse d .
T h e  f in a l  s e c tio n  o f th e  te x t deve lops the  c e n tra l th e m e  o f th e  r e ­
s e a rc h  and a tte m p ts  to  d ra w  to g e th e r the  o b se rve d  e ffe c ts  o f new 
te ch n o lo g y  as i t  is  seen in  the  m u lt in a t io n a l p la n ts  o f C a te r p i l la r  
T r a c to r  C om pany, In fo rm a tio n  f o r  th is  s e c tio n  is  no t o n ly  d ra w n  
f r o m  th e  p re v io u s ly  d is c u s s e d  s e c tio n  o f the  m a in  te x t ,  bu t a ls o  f r o m  
th e  A p p e n d ice s  w h ic h  a re  d ir e c t ly  re la te d  to  th is  c h a p te r on the  m u lt i -  
n a tio n a l p la n ts . T h e re fo re  each o f the  6 m a jo r  fa c to rs  a re  d is c u s s e d , 
n a m e ly  -  o rg a n is a tio n  s t ru c tu re ,  m anagem ent, s tra te g ie s , m a ch in e  
shop e n v iro n m e n t, c o n tro l s y s te m s  and peop le . T h e  s u p p o rtiv e  
m a te r ia l  g iv e n  in  th e  A p p en d ices  d iscu sse s  the  a p p ro a ch  used f o r  th is  
p a r t ic u la r  s e c tio n  o f th e  re s e a rc h  and shows in  p a r t ic u la r  the  s tra te g y  
used to  te s t , - v a l id a te  and m e a s u re  the  q u e s t io n n a ire  re s e a rc h  v e h ic le .
T h e  23 k e y  e le m e n ts  o f e n q u iry  in  th e  t r ip a r t i t e  q u e s t io n n a ire  a re  
e xp la in e d  in  d e ta il  in  th is  append ix , sh o w in g  the  in te n t io n  beh ind  each 
q u e s tio n . A l l  o f th e  q u e s tio n  m a tte r  used in  the  q u e s t io n n a ire  is  not 
re p o r te d  d ir e c t ly  in  the  te x t d is c u s s io n  o f th is  c h a p te r, as i t  w as co n ­
s id e re d  not d i r e c t ly  a p p lic a b le  to  th e  c e n tra l th e m e  o f th is  s tu d y . A l l  
the  re s u lts  o f th e se  q u e s tio n n a ire s  as re sp on d e d  to  b y  th e  m u l t i ­
n a tio n a l p la n ts  a re  s u m m a r is e d  in  th e  A p p e n d ice s , in  o rd e r  th a t p a r t ­
ic u la r  asp ec ts  o f th e  f in d in g s  can be e x tra c te d  as ev idence  on the  
a rg u m e n t o f im p a c t o f new te ch n o lo g y  on f i r m s ,  to  be used in  th is  
c h a p te r o r  in  la t e r  ch a p te rs  of th e  re s e a rc h  p ro je c t .
A  c o m p le te  copy o f th e  t r ip a r t i t e  q u e s tio n n a ire  is  co n ta in e d  in  the  
A ]|p e n d ice s  re la te d  to  th is  c h a p te r. T h e  h is to r y  o f C a te r p i l la r  T r a c to r  
C om pany w o r ld w id e  is  g iv e n  to  p ro v id e  s u p p o r t iv e  d e ta il  on o rg a n i­
s a tio n  s t ru c tu re s ,  d e ta ils  on w hen each p la n t w as founded , s iz e  in  
te rm s  o f peop le  and a re a , to g e th e r w ith  som e f in a n c ia l data  w h ich  
d e s c r ib e s  th e  tre n d  o f the  com pany  o v e r a 1 0 -y e a r  p e r io d . T h e  
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p o lic y  and s tra te g y  co n ce rn e d  w ith  p ro d u c t and p ro c e s s  te ch n o lo g y  is  
a ls o  d is c u s s e d  w ith in  th is  b a s ic  d e s c r ip t io n  o f th e  m u lt in a t io n a l 
o rg a n is a tio n .
W hy th is  s e c tio n  is  im p o r ta n t to  th e  R e se a rch  P r o je c t .
T h e  p u rp o se  o f th is  s e c tio n  o f the  s tu d y  is  not to  in v e s t ig a te  o r  r e ­
s e a rc h  in  p a r t ic u la r  the  p ro b le m s  o f new te ch n o lo g y  a sso c ia te d  w ith  
m u lt in a t io n a l co m p a n ie s , h o w e ve r as th e  s in g le  m a n u fa c tu r in g  p la n t 
in  th e  re s e a rc h  as d iscu sse d  in  ch a p te rs  3 and 4, is  an a f f i l ia te  o f a 
m u lt in a t io n a l o rg a n is a tio n , th e n  i t  deem s i t  im p o r ta n t  to  s tu d y  the  
re la t io n s h ip  be tw een  the  2 g ro u p s . T h e  re s u lts  o f th is  p a r t  o f th e  
re s e a rc h  co u ld  have som e im p o r ta n t c o n tr ib u tio n s  to  m anagem ent o f 
a f f i l ia te s  o r  s u b s id ia r ie s  o f m u lt in a t io n a l o rg a n is a tio n s , e ith e r  
e s ta b lis h e d  o r  p lanned  fo r  the  fu tu re  in  B r i ta in  o r  e ls e w h e re . T h e  
m u lt in a t io n a l o rg a n is a t io n  is  to d a y  a v e ry  co m m on  p a r t  o f the  m a n u ­
fa c tu r in g  in d u s try  scene as i t  is  e q u a lly  p r o l i f i c  in  o th e r  a c t iv it ie s ,  
such as r e ta i l in g  and d is t r ib u t io n ,  in s u ra n c e , b a n k in g  and fin a n c e , 
e tc . M u ch  c r i t i c is m  has been le v e lle d  a t th e  m u lt in a t io n a l c o rp o ra ­
t io n  fo r  a l l  s o r ts  o f re a so n s  bu t m a in ly  co n ce rn e d  w ith  peop le  and 
e co n o m ics . M a n y  peop le  a g re e  w ith  re s p e c t to  te ch n o lo g y , the  m u l t i ­
n a tio n a l has an im p o r ta n t ro le  to  p la y . S ch u m p e te r and o th e rs  have 
p la ce d  m o re  e m p ha s is  on the  r o le  o f the  g ia n t c o rp o ra t io n  in  s t im u la ­
t in g  te c h n ic a l advances in  m o d e rn  econom y. (44). C liv e  Je n k in s  in  
h is  re c e n t ly  p u b lis h e d  book, "T h e  C o lla p se  o f W o rk " ,  d iscu sse s  the  
t r a n s -n a t io n a l co m p a n ie s  in  re la t io n s h ip  to  te c h n o lo g ic a l d e v e lo p ­
m e n t and suggests  th a t th e  2 b a s ic  re a son s  fo r  th e  m u lt i  o r  t r a n s ­
n a tio n a l d e ve lo p m e n t o f advanced te ch n o lo g y  a re  th e  a v a ila b i l i t y  o f 
f in a n c e  and re s o u rc e s  to  be devoted  e n t ir e ly  to  re s e a rc h  and d e ve lo p ­
m e n t (45). In  a re p o r t  on "T h e  Im p a c t o f M u lt in a t io n a l C o rp o ra tio n s  
on D e ve lo p m e n t and on In te rn a t io n a l R e la tio n s "  b y  th e  U n ite d  N a tio n s  
D e p a rtm e n t o f E c o n o m ic  and S o c ia l A f fa ir s  in  1974, the  fo llo w in g  
s ta te m e n t w as m ade: "T h e  m u lt in a t io n a l c o rp o ra t io n s  have becom e 
th e  m o s t im p o r ta n t so u rc e s  o f a c e r ta in  typ e  o f te ch n o lo g y . T h e ir  
a f f i l ia te s  can d ra w  upon th e  know ledge  o f th e  e n t ire  o rg a n is a tio n  o f
w h ic h  th e y  a re  a p a r t .......................... in  p ra c t ic e , h o w e v e r, th e  f u l l
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t r a n s fe r  o f know ledge  m a y  not ta ke  p la ce ; p a r t ly  because  i t  is  not 
a lw a ys  s u ita b le  f o r  use by th e  a f f i l ia te  and p a r t ly  because  th e  p a re n t 
co m pan y  w i l l  not a lw a ys  w is h  to  m ake  i t  a v a ila b le ” . (46).
A s  p re v io u s ly  s ta te d , i t  is  not the  p u rpo se  of th is  re s e a rc h  to  e n q u ire  
in to  th e  s p e c ia l p ro b le m s  a s s o c ia te d  w ith  m u lt in a t io n a l com pan ies  as 
re la te d  to  te c h n o lo g ic a l d e ve lo p m en t and th e  p a r t ic u la r  m ethods 
adopted  b y  th e se  co m p a n ie s , a lthough  th is  p a r t ic u la r  su b je c t lends  
i t s e l f  to  som e  d e ta ile d  re s e a rc h  f o r  th e  fu tu re . I t  is  c le a r ly  e v id e n t 
f r o m  th is  re s e a rc h  on th e  g ro w in g  pa ins  o f C a te r p i l la r  T r a c to r  C o , , 
L t d . , a t G lasgow  in  th e  la te  1950s and e a r ly  1960s, (see c h a p te r 3), 
th a t m a n y  s p e c ia l and p a r t ic u la r  p ro b le m s  a ro s e  p u re ly  due to  th e  
m u lt in a t io n a l co n n e c tio n . B ass  and B a r r e t t  o b s e rv e  som e o f the  
p a r t ic u la r  d e ve lo p m e n ts  o f m u lt in a t io n a ls  in  re c e n t y e a rs . T h e y  show 
f o r  e xa m p le . I ,  B . M . , as a m u lt in a t io n a l who not o n ly  t ra d e  in  
E u ro p e  b u t a ls o  fin a n c e , m a n u fa c tu re  and d eve lop  p ro d u c ts  u s in g  th e i r  
co m b in e d  re s o u rc e s  in  m a n y  c o u n tr ie s . 2 o f th e  10 m o d e ls  o f the
I . E .  M . , 3 6 0 -s e r ie s  m o d e l c o m p u te r w e re , a c c o rd in g  to  a r e p o r t  by  
L a rs e n  in  1969, deve loped  c o m p le te ly  in  E u ro p e . O th e r  exam p les  
show  th a t th e  c a rb u re to r  o f an eng ine  m a y  be des igned  in  B r i ta in  
f r o m  re s e a rc h  done in  B e lg iu m , i t  m a y  be m a n u fa c tu re d  in  G e rm a n y  
fo r  a s s e m b ly  in  a m o to r  c a r  in  B r a z i l  (47).
C a te r p i l la r  T r a c to r  C om pany f o r  th e i r  p a r t ,  do n o t, f o r  re a son s  
p re v io u s ly  g ive n , a tte m p t to  d is p e rs e  th e ir  p ro d u c t re s e a rc h , n o r 
indeed  som e aspec ts  o f th e i r  p ro c e s s  te c h n o lo g y  re s e a rc h , to  any 
o th e r  c o u n try  o u ts id e  A m e r ic a .  T h e  a pp ro ach  b y  C a te r p i l la r  to  the  
q u e s tio n  o f p ro c e s s  te ch n o lo g y , w h ic h  is  c e n tra l to  th is  re s e a rc h , is  
s l ig h t ly  d if fe re n t .  I t  was p re v io u s ly  re p o r te d  in  c h a p te r 3 th a t the  
p la n n in g  d iv is io n  in  each C a te r p i l la r  f a c i l i t y  had th e  n e c e s s a ry  a u to n ­
om y to  f in d  th e  b e s t eq u ipm en t to  m a n u fa c tu re  th e  com ponen ts  and 
p ro d u c t a ss ig n e d  to  th a t p la n t. R e g re tta b ly  th e re  is  no re a l  scope fo r  
e x p e r im e n ta tio n  w ith  v a r io u s  p ro c e s s e s , each p ie c e  o f c a p ita lis e d  
h a rd w a re  has to  be ass ig n e d  to  a p ro je c t  and show n as a sound r e tu r n
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on in v e s tm e n t b y  the  fo rm a t d is p la y e d  in  A p p e n d ix  F . A l l  m a jo r  
e x p e r im e n ta tio n  ta ke s  p la c e  in  a s p e c ia l d e p a rtm e n t a tta ch e d  to  the  
p a re n t m a n u fa c tu r in g  p la n t in  P e o r ia ,  I l l in o is .  T h is  s e c tio n  is  
s ta ffe d  c o m p le te ly  b y  A m e r ic a n s  w ith  a b ro a d  o b je c t iv e  o f f in d in g  
im p ro v e d  and ch e ap e r w ays and m eans o f m a k in g  C a te r p i l la r  p a r ts . 
T h is  g ro u p  s im p ly  know n as B u ild in g  W , use ro b o ts , deve lop  s p e c ia l 
m a te r ia ls ,  e x p e r im e n t w ith  new c u tt in g  to o ls , b u ild  m ic ro p ro c e s s o rs  
f o r  a l l  typ e s  o f m a n u fa c tu r in g , c o n tro l.  T h e re  is  no r e s t r a in t  on 
e x p e r im e n ta tio n  e xcep t p e rha p s  an annua l budge t. T h e  fin d in g s  and 
ou tcom e  f r o m  th is  s p e c ia l g ro u p  a re  t ra n s m it te d  to  each p la n t w h e re  
i t  is  c o n s id e re d  b e n e fits  can be d e r iv e d . T h e  m a jo r  d if fe re n c e  
be tw een  th is  p ro c e s s  te ch n o lo g y  d e ve lo p m e n t and th e  p ro d u c t d e ve lo p ­
m en t is  th a t th is  g ro up  have re s e a rc h  te am s w ho v is i t  C a te r p i l la r  
p la n ts  and fa c i l i t ie s  a ro un d  th e  w o r ld ,  to  ta p  ide as  f o r  fu r th e r  d e ve lo p ­
m e n t.
T h e  s p e c tre  is  o fte n  ra is e d , and in  p a r t ic u la r  10 y e a rs  ago b y  S e rvan  
S c h re ib e r 's  book "T h e  A m e r ic a n  C h a lle n g e ", th a t E u ro p e a n  b u s in e ss  
is  b e in g  d o m in a te d  b y  A m e r ic a n  co m p an ie s . In  fa c t  he l is t s  th e  
"U n ite d  S ta tes in  E u ro p e "  as one o f th e  w o r ld 's  la rg e s t  e co n o m ie s . 
E c o n o m ic  c o n tro l does not n e c e s s a r i ly  m ean m an agem ent o r  la b o u r  
d o m in a n ce . F o r  in s ta n c e , in  E u ro p e  IB M  e m p lo ye d  in  1970 som e 
69, 000 p eop le  b u t o n ly  200 o f the se  w e re  A m e r ic a n s , C a te r p i l la r  in  a 
s im i la r  w ay  e m p lo y  a p p ro x im a te ly  6, 000 peop le  in  B r i ta in ,  le s s  th a n
0. 5 p e rc e n t a re  A m e r ic a n s . H o w e ve r S e rv a n -S c h re ib e r  o b se rve s  th e  
e s ta b lis h e d  m u lt in a t io n a l not the  new o r  re c e n t ly  e s ta b lis h e d  e n te r ­
p r is e ,  w h ic h  a c c o rd in g  to  th e  c o n tr ib u t io n  o f th is  re s e a rc h , w i l l  
e x p e rie n c e  q u ite  d ra m a t ic  p ro b le m s  in  th e ir  e f fo r ts  to  becom e in te ­
g ra te d  and g ra fte d  in to  the  new c o u n try  (48). T h is  re s e a rc h  has 
c le a r ly  show n th a t th e  p ro b le m s  o f in te g ra t io n  a re  not a l l  c re a te d  b y  
th e  a tt itu d e s , t r a d it io n s  and p ra c t ic e s  o f th e  re s id e n ts , such as was 
re p o r te d  b y  B o n e r, ra n g in g  f r o m  un ion  d isp u te s  o v e r  te a -b re a k s  in  
E n g la n d , to  d e a lin g  w ith  th e  Spanish  s ie s ta  w ith  the  lo n g  m id d a y  b re a k  
f r o m  2 u n t i l  5 p .m .  (49). M a n y  o f C a te r p i l la r 's  e a r ly  p ro b le m s  in  
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B r i ta in  w e re  b ro u g h t a c ro s s  b y  th e  A m e r ic a n s  w ho cam e as p io n e e rs  
to  e s ta b lis h  th e  new G la sg ow  fa c i l i t y ,  P e r lm u t te r  w ro te  in  1969 about 
th e  3 a p p roach es  to  how  a m u lt in a t io n a l f i r m  o rg a n is e s  i t s e l f  to  adopt 
to  i ts  e n v iro n m e n t, th e se  w e re  as fo l lo w s :-
1, E th n o c e n tr ic ,  T h e  hom e c o u n try  is  s u p e r io r  to  th e  fo re ig n  
o rg a n is a tio n  in  a l l  re s p e c ts , and a l l  d e c is io n s  and m e thods w i l l  
be c o n tro lle d  b y  the  hom e c o u n try ,
2, P o ly  c e n tr ic .  T h e  o rg a n is a tio n  is  h o s t c o u n try -o r ie n te d  s in ce  
fo re ig n  c u ltu re s  a re  d if fe re n t  and lo c a l peop le  a re  ab le  to  m ake  
th e  b e s t d e c is io n s  about th e  f i r m 's  p ro g re s s ,
3, G e o c e n tr ic . T h e  o rg a n is a tio n  is  w o r ld -o r ie n te d  and a ba lanced  
v ie w  is  ta k e n  o f th e  lo c a l n a tio n a l in te re s ts  and th e  o b je c tiv e s  o f 
the  m u lt in a t io n a l f i r m .  M a n a g e r ia l p o s it io n s  a re  f i l le d  b y  peop le  
h a v in g  th e  m o s t ta le n t re g a rd le s s  o f n a tio n a l b a ckg ro u n d .
A s  th e  m u lt in a t io n a l o rg a n is a tio n  m a tu re s , i t  m oves  f r o m  e th n o c e n tr ic  
to  g e o c e n tr ic  o rg a n is a t io n a l p a tte rn s  (50).
New te c h n o lo g y  in  m u lt in a t io n a l p la n ts  is  a s u b je c t o f p a r t ic u la r  
in te re s t  b u t w h ic h , in  i ts  b ro a d e s t sense, is  beyond  th e  te rm s  o f 
re fe re n c e  and o b je c tiv e s  o f th is  re s e a rc h  p ro je c t  -  s u ff ic e  to  s ta te  
th a t the  e x tra c ts  m ade f r o m  th is  s tu d y  o f th e  m u lt in a t io n a l w i l l  be o f 
fu n d a m e n ta l im p o r ta n c e  to  th is  re s e a rc h  and th e  b a la n ce  o f the  f in d in g s  
o f in te re s t  to  o th e r  re s e a rc h  w o rk  e lse w h e re .
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5 .2  -  T Y P E S  O F  M E A S U R IN G  M A C H IN E S  USED B Y  T H E  
M U L T IN A T IO N A L .
C a te r p i l la r  T r a c to r  C om pany w o r ld w id e  has re c e n t ly  been d e s c r ib e d  
as th e  la rg e s t  p r iv a te  u s e r o f c o -o rd in a te  m e a s u r in g  m a ch in e s  in  the  
w o r ld  not in c lu d in g  th e  g o ve rn m e n ts  o f A m e r ic a  o r  R u ss ia . I t  is  
th e re fo re  o f p e r t in e n t im p o r ta n c e  to  know  w ha t typ e s  o f m e a s u r in g  
m a ch in e s  a re  co n ta in e d  in  the  w o r ld w id e  o rg a n is a tio n . A p p e n d ix  O 
co n ta in s  th e  q u e s t io n n a ire s  d is t r ib u te d  to  a l l  C a te r p i l la r  T r a c to r  
m a n u fa c tu r in g  p la n ts . S e c tio n  I I I  c o v e rs  q u e s tio n s  co n ce rn e d  w ith  co ­
o rd in a te  m e a s u r in g  m a c h in e s . T h is  s e c tio n  o f th e  s tu d y  w i l l  a n a lyse  
th e  fo l lo w in g : -
1. M akes o f c o -o rd in a te  m e a s u r in g  m a ch in e s  (C M M ) used b y  C a te r ­
p i l l a r  T r a c to r  C om pany w o r ld w id e ,
2. R easons f o r  ch o o s in g  th e se  m a ke s .
3. S ou rce  o f f i r s t  know le dg e  o f th e  e q u ip m e n t.
4. A m o u n t o f p re - in v e s t ig a t io n  b e fo re  th e  d e c is io n  was m ade to  
p u rc h a s e  the  C M M .
1. M akes o f C M M  used b y  C a te r p i l la r  W o r ld w id e .
T a b le  No: 5 .1  g ive s  d e ta ils  o f th e  m akes and q u a n tit ie s  o f C M M  
used b y  each C a te r p i l la r  p la n t as o f J a n u a ry  1978, O v e r 60 p e r  
cen t o f th e  m a ch in e s  a re  e ith e r  c o m p u te r -a s s is te d  o r  c o m p le te ly  
c o m p u te r  c o n tro lle d . A m e r ic a n  based  p la n ts  a re  re p o r te d  as 
h a v in g  49 C M M s o r  80 p e rc e n t o f th e  w o r ld  to ta l  w h ile  th e  
b a la n ce  o f 12 o r  20 p e rc e n t a re  lo c a te d  a t th e  n o n -u s e r  p la n ts ' 
f a c i l i t ie s .  T h e  la rg e s t  in d iv id u a l sh a re  o f the  C M M  p o p u la tio n  is  
h e ld  b y  th e  E a s t P e o r ia  p la n t w ith  16 C M M s o r  26 p e rc e n t o f the  
w o r ld w id e  to ta l .  T h is  p la n t e m p lo ys  a p p ro x im a te ly  20, 000 
peop le  and is  no t o n ly  the  la rg e s t  C a te r p i l la r  f a c i l i t y  bu t one o f 
th e  e a r l ie s t .  I t  is  th e re fo re  not unexpected  th a t i t  sh ou ld  house 
th e  la rg e s t  n u m b e r o f C M M s . T h e  o r ig in a l C M M s w e re  lo c a te d  
a t th is  p la n t o f E a s t P e o r ia  in  1962 w hen the  te c h n o lo g y  o f th is  
typ e  o f m e a s u r in g  m a ch in e  was in  i ts  in fa n c y . F ro m  th is  aspec t 
C a te r p i l la r  is  one o f th e  p io n e e r in g  in n o v a to rs  f o r  the  use o f th is  
typ e  o f m e a s u r in g  concep t. T h e  q u a li ty  a s s u ra n c e  d iv is io n  o f 
E a s t P e o r ia  has co n tin u e d  to  advance i ts  know ledge  o f m e a s u r in g  
m a ch in e  te ch n o lo g y  and A p p e n d ix  P  g ive s  a b r ie f  h is to r y  o f th is  
d e ve lo p m e n t p ro g re s s , as re la te d  to  c o m p u te r is e d  c o -o rd in a te  
m e a s u r in g  m a ch in e s .
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TA B LE  NO:3.1
CO-ORDINATE MEASURING MACHINES- CATERPILLAR  
WORLDWIDE.
Make of CMM
P lant Name: 
U.S .  PLANTS:
§ .a
(Ü <li
k  PQ cT
<D&jOcd
O
P4
<DÜ
o
pq
cso
m
oÜ
* tH
pL, Total:
A u ro ra 1 2 - 1 - - — 4
D a lla s — - 1 — - - - 1
D a v e n p o rt 3 — - 3 - - 6
D e c a tu r 2 1 - - — - - 3.
E a s t P e o r ia 2 3 - 4 4 2 1 16
J o lie t 3 1 - - - - - 4
M a p le to n - — - - - - - -
M e n to r 2 2
M ilw a u k e e - - - 1 - - - 1
M o s s v il le 4 1 - 1 - - - 6
P o n tia c -
San L e a n d ro 4 4
Y o rk - - - 1 1 - - 2
T O T A L : 21 8 1 11 5 2 1 49 (80%)
O U T S ID E  U .S . A :
G lasgow 2 1 - 1 - — - 4
G o sse lie s - 2 - - - - 2
G re n o b le - - - 1 - - - 1
L e ic e s te r 1 - 1
M e lb o u rn e -
M o n te r re y -
N e w ca s tle —
P ira c ic a b a -
Sao P a u lo - - 1 1 - — — 2
T o ro n to -
V e rn o n -
Sagam i 2 - - - - - - 2
T O T A L 5 3 1 3 - - - r r  (20%)
G R AN D  T O T A L 26 11 2 14 5 2 1 61
W O R L D W ID E : ^  
% 43 19 3 24 8 3 1 100%
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T h e  m o s t p o p u la r  m ake  o f c o -o rd in a te  m e a s u r in g  m a ch in e  used 
b y  th e  w o r ld w id e  o rg a n is a tio n  was F e r r a n t i  o r  B e n d ix  co m m an d ­
in g  a f ig u re  o f 43 p e rc e n t o f the  to ta l,  second w as the  P o rta g e  
m a ch in e  a t 24 p e rc e n t and th i r d  a t 19 p e rc e n t w as D E A ,
F e r r a n t i  o f B r i t a in  have a lic e n c e  a g re e m e n t w ith  B e n d ix  in  
A m e r ic a  and a ls o  T o k y o  S e im its u  in  Japan, th e  m o d e ls  s u p p lie d  
b y  each o f th e se  3 co m pan ies  a re  id e n t ic a l,  e xce p t f o r  th e  b ra n d  
nam e on the  m o d e l. A p p e n d ix  P  p ro v id e s  d e ta ils  o f th e  c o m p u te r 
s y s te m s  and th e  n u m b e r o f a p p lic a t io n  tapes a lre a d y  in  use fo r  
m e a s u r in g  m a ch in e s  at each o f the  w o r ld w id e  p la n ts . A p p lic a t io n  
tapes s im p ly  m ean  the  n u m b e r o f d if fe re n t  o p e ra tio n s  w h ich  can 
be m e a s u re d ). One c o m p le x  o r  v a lu a b le  com ponen t m a y  have to  
be checked  s e v e ra l t im e s  on the  m e a s u r in g  m a c h in e  d u r in g  i ts  
m a c h in in g  p ro c e s s  th ro u g h  th e  m a ch in e  shop, i t  w i l l  th e re fo re -  
need s e v e ra l a p p lic a t io n  tapes  and so th e  to ta l  o f 12, 568 a p p lic a ­
t io n  ta pes  on A p p e n d ix  P  does not m ean th a t th is  n u m b e r o f 
in d iv id u a l com ponen ts  have c o m p u te r ta p e s .
2. R easons fo r  C ho os ing  th e se  M a k e s .
T h e  m a jo r  re a s o n  fo r  th e  ch o ice  o f th e  e q u ip m e n t w as, as f a r  as 
the  F e r r a n t i  and P o r ta g e  m e a s u r in g  m a ch in e s , p u re  a v a ila b i l i t y ,  
as in  th e  e a r ly  to  m id  1960s th e re  w e re  no o th e r  m a jo r  s u p p lie rs  
to  co m p e te  w ith  the  ab ove m e n tion e d  co m p a n ie s . H o w e v e r, in  
th e  la te  1960s and e a r ly  1970s, m a n y -m o re  s u p p lie rs  jo in e d  the  
m a rk e t and th e  re a s o n  fo r  cho ice  began to  f a l l  in to  2 m a jo r  c a te ­
g o r ie s  n a m e ly , cos t and a c c u ra c y . I t  was no ted  th a t A m e r ic a n  
p la n ts  tended  to w a rd s  a c c u ra c y  as b e in g  th e  f i r s t  p r io r i t y ,  w h ile  
non A m e r ic a n  p la n ts  p la ce d  co s t as the  f i r s t  re a so n , each g ro u p  
p la ce d  th e  second fa c to r  as co s t fo r  A m e r ic a n  p la n ts  and a c c u r ­
a cy  f o r  non A m e r ic a n  p la n ts . O th e r p o s s ib le  re a s o n s  such as 
ta b le  s iz e , t r a v e l ,  a f te r  sa le s  s e rv ic e , e t c . , w e re  g iv e n  lo w  
p r io r i t ie s  nex t to  cos t and a c c u ra c y . T h e  re a s o n s  w h y  th e re  
sh ou ld  be a d if fe re n c e  be tw een  th e  A m e r ic a n  and non A m e r ic a n  
p la n ts  on th is  w ho le  s u b je c t m a y  be re la te d  to  th e  ju s t i f ic a t io n  
f o r  b u y in g  th e  e q u ip m e n t. A s  is  com m on  w ith  a l l  in v e s tm e n ts  o f 
a c a p ita l n a tu re , s p e c if ic  re tu rn s  m u s t be show n to  ju s t i f y  th a t 
in v e s tm e n t. A m e r ic a n  d o m e s tic  p la n ts  can, b y  th e  n a tu re  o f 
th e i r  g e o g ra p h ic  lo c a t io n , p e rs o n a lly  v is i t  th e  c e n tra l G e n e ra l 
O ff ic e  w ith  th e i r  in v e s tm e n t re q u e s ts  and a re  m o re  ab le  to  s e l l  
the  concep t and need fo r  the  equ ip m en t, i t  is  p e rh a p s  e a s ie r  to  
s e l l  th e  q u e s tio n  o f a c c u ra c y  as a ke y  need w ith  th is  a pp roa ch  
th a n  i t  w o u ld  be f o r  a non A m e r ic a n  p la n t w ho w o u ld  have to  
d e liv e r  t h e i r  re q u e s t b y  m a il ,
3. S ou rce  o f F i r s t  K n ow ledge  o f the  E q u ip m e n t.
D e s p ite  th e  p ro c e d u re  o f s u b m it t in g  a l l  re q u e s ts  fo r  in v e s tm e n t 
to  th e  c e n tra lis e d  G e n e ra l O ff ic e  in  A m e r ic a  a t P e o r ia ,  th is  
h e a d q u a rte r  g ro u p , as re p o r te d  b y  a l l  p la n ts  in  th e  s u rv e y , w e re  
found  to  be r a th e r  in e f fe c t iv e  on the  w ho le  q u e s tio n  o f c o m m u n ic a ­
t io n  o f in fo rm a t io n  on new m e a s u r in g  m a ch in e  te ch n o lo g y , b a ck  
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to  m a n u fa c tu r in g  p la n ts . T h e re  w e re  no b u lle t in s  c irc u la te d  on 
la te s t d e ve lo p m e n ts  o r  d is c o v e r ie s  in  th e  m e a s u r in g  te c h n o lo g y , 
n o r  w as th e re  any in fo rm a t io n  g ive n  on s u p p lie rs  in  te rm s  o f 
co s ts , d e liv e r y  o r  s e rv ic in g  o f e q u ip m e n t, y e t th is  in fo rm a t io n  
sh o u ld  be a v a ila b le  a t th e  G e n e ra l O ff ic e , I t  can o n ly  be 
assum ed  th a t th e  h e a d q u a rte r 's  re lu c ta n c e  to  d e vu lg e  th is  data to  
m a n u fa c tu r in g  p la n ts  m a y  be seen as a s ig n a l f o r  the se  p la n ts  to  
ra is e  p ro je c ts  f o r  m o re  in v e s tm e n t, b u t th is  a s s u m p tio n  has 
n e v e r been c o n f irm e d . M o s t o f the  C a te r p i l la r  m a n u fa c tu r in g  
p la n ts  re c e iv e d  th e ir  f i r s t  in fo rm a t io n  on C M M  te c h n o lo g y  f r o m  
e ith e r  th e  te c h n ic a l p re s s  o r  d ire c t  f r o m  c o -o rd in a te  m e a s u r in g  
m a ch in e  m a n u fa c tu re rs  o r  agents s u p p ly in g  th is  e q u ip m e n t,
4. A m o u n t o f p re - in v e s t ig a t io n  b e fo re  th e  d e c is io n  w as m ade to  
p u rc h a s e  the  C M M .
T h e  q u e s tio n  o f v is i t s  to  o th e r  u s e rs  and s u p p lie rs  re s u lte d  in  
each p la n t re p o r t in g  th a t th e y  had v is ite d  at le a s t 2 s u p p lie rs  a t 
the  m a n u fa c tu r in g  s o u rc e  to g e th e r w ith  v is i t s  to  o th e r  C a te r ­
p i l l a r  p la n ts . F o r  e xa m p le , a l l  o f the  A m e r ic a n  p la n ts ' q u a li ty  
c o n tro l e n g in e e rs  a ss ig n e d  to  C M M  te ch n o lo g y , had v is ite d  the  
E a s t P e o r ia  p la n t to  exchange te c h n o lo g ic a l in fo rm a t io n  on the  
use o f c o -o rd in a te  m e a s u r in g  m a ch in e s . M o s t o f the  m a n a g e rs  
re s p o n s ib le  f o r  the  m e a s u r in g  m a ch in e s  in  non A m e r ic a n  p la n ts  
had a ls o  v is ite d  th e  E a s t P e o r ia  f a c i l i t y  and had in  a d d itio n , p a id  
v is i t s  to  o th e r  C a te r p i l la r  p la n ts  in  th e i r  own a re a . F o r  
e xa m p le  a l l  th e  C a te r p i l la r  p la n ts  in  the  E u ro p e a n  a re a  had 
exchanged v is i t s  on s e v e ra l aspec ts  o f th e  te c h n o lo g y .
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5 .3  -  T H E  E F F E C T S  O F M E A S U R IN G  M A C H IN E  T E C H N O L O G Y  
O N  T H E  O R G A N IS A T IO N  S TR U C TU R E S  A N D  SYSTEM S O F  
Q U A L IT Y  C O N T R O L  IN  16 W O R LD W ID E  M A N U F A C T U R IN G  
P L A N T S  O F  C A T E R P IL L A R  T R A C T O R  C O M P A N Y .
I t  was show n in  c h a p te r 4 th a t th e  in tro d u c t io n  o f c o m p u te r -a s s is te d  
m e a s u r in g  m a ch in e s  a t G lasgow  P la n t u lt im a te ly  le a d  to  changes in  
th e  o rg a n is a tio n  o f q u a li ty  c o n tro l.  T h e  p u rp o se  o f th is  s e c tio n  o f the  
re s e a rc h  p ro je c t  is  to  extend  th e  s tu d y  in to  a l l  o f th e  m a n u fa c tu r in g  
p la n ts  o f C a te r p i l la r  w o r ld w id e  to  c a r r y  out an a na lys is ., w h ic h  w i l l  
s u p p o rt th e  a rg u m e n t, th a t new m e a s u r in g  te c h n o lo g y  is  h a v in g  an 
im p a c t on the  o rg a n is a tio n . S p e c if ic a lly  th e  a n a ly s is  w i l l  t r y  to  
e s ta b lis h  i f  changes have been m ade w ith  re s p e c t to  th e  fo l lo w in g : -
o Span o f c o n tro l due to  h o r iz o n ta l p re s s u re s  w h ic h  r e q u ire  g re a te r  
and m o re  e ffe c t iv e  in te rp e rs o n a l re la t io n s h ip s  be tw ee n  th e  
in d iv id u a ls  co n ce rn e d  w ith  th e  new te ch n o lo g y .
o N u m b e rs  o f le v e ls  o f m anagem ent and the  v e r t ic a l  p re s s u re s
w h ic h  w o u ld  re q u ire  th e  n e c e s s ity  to  a s s ig n  jo b  d u tie s  and 
re s p o n s ib i l i t ie s  to  in d iv id u a ls  p o s s e s s in g  a h ig h  le v e l o f te c h n ic a l 
know ledge  w ith  th e  new te ch n o lo g y .
o M a n p o w e r changes as a r e s u lt  o f new te ch n o lo g y .
T h e  Q u e s tio n s  asked  o f 16 W o r ld w id e  C a te r p i l la r  M a n u fa c tu r in g  
P la n ts .
P a r ts  I  and I I  o f th e  t r ip a r t i t e  q u e s tio n n a ire  show n in  A p p e n d ix  O 
re q u e s te d  th e  fo llo w in g  o rg a n is a t io n a l in fo rm a t io n  f r o m  each o f the  
w o r ld w id e  C a te r p i l la r  p la n ts .
(N ote : T h e  exa c t w o rd in g  f r o m  th e  q u e s t io n n a ire  is  not used b u t th e  
sam e m e a n in g  is  g iv e n  in  th is  a b rid g e d  v e rs io n  o f th e  q u es tio n s  
co n ce rn e d  w ith  o rg a n is a tio n s ) .
1. A  re q u e s t f o r  a c u r re n t  o rg a n is a tio n  c h a r t c o v e r in g  a l l  le v e ls  o f 
m a nag em en t down to  and in c lu d in g  f i r s t  le v e ls  o f in s p e c to rs . 
T h o se  in s p e c to rs  a ss ig n e d  to  c o -o rd in a te  m e a s u r in g  m a ch in e s  
w e re  to  be id e n t if ie d  in  q u a n tit ie s . (A p p e n d ix  O -  S ec tion  I I  -  
Q u e s tio n  N o: 1).
2. W ha t w as th e  to ta l  p e rs o n n e l a t th is  lo c a tio n ?  (A p p e n d ix  O - 
S e c tio n  I I  -  Q u e s tio n  No: 3).
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3. H ow  m a n y  h o u r ly  p a id  em p loyees  a p p ro x im a te ly ?
H ow  m a n y  h o u r ly  p a id  d ire c t  p ro d u c tio n  em p loyees?
H ow  m a n y  h o u r ly  p a id  in s p e c to rs ?
H ow  m a n y  w e e k ly  p a id  in s p e c to rs ?
H ow  m a n y  m o n th ly  p a id  in s p e c tio n  peop le  ( in c lu d in g  m a nag e rs )?  
(A p p e n d ix  O - S e c tio n  H  - Q u e s tio n  No: 4).
4. W ha t n u m b e rs  o f in s p e c tio n  m a n po w e r w e re  re d u ce d  as a r e s u lt  
o f u s in g  m e a s u r in g  m ach ines?  (A p p en d ix  O -  S ec tio n  I I  -  
Q u e s tio n  No: 5).
5. H ave  you in c re a s e d  y o u r  p la n n e rs  and p ro g ra m m e rs  to  s u p p o rt 
the  m e a s u r in g  m a ch in e  te ch n o lo g y?  (A p p e n d ix  O -  S e c tio n  I I  -  
Q u e s tio n  N o: 6).
6. D o you  n o rm a lly  o p e ra te  y o u r  C C M M  on one, tw o  o r  th re e  s h if ts ?  
(A p p e n d ix  O -  S e c tio n  H  -  Q u e s tio n  No: 21),
T h e  fa c ts  d ra w n  f r o m  16 C a te r p i l la r  m a n u fa c tu r in g  p la n ts  w o r ld w id e . 
O b s e rv a tio n s  w e re  m ade in  c h a p te r 3, s e c tio n  No; 3. 8 re g a rd in g  th e  
p a r a l le l is m  be tw een  o rg a n is a tio n  s tru c tu re s  o f each m a n u fa c tu r in g  
p la n t th ro u g h o u t the  C a te r p i l la r  w o r ld w id e  e n te rp r is e .  I t  was 
suggested  a t th a t t im e  th a t th is  u n ifo rm ity  o f s ty le  w as re la te d  to  a 
p o lic y  o f com ponen t in te r  change a b i l i t y  no m a tte r  in  w h ic h  p la n t i t  was 
m a n u fa c tu re d . T h e  o rg a n is a tio n  s tru c tu re s  o f th e  q u a l i ty  c o n tro l 
d e p a rtm e n t o f each o f the  C a te r p i l la r  w o r ld w id e  m a n u fa c tu r in g  p la n ts  
have a s tro n g  s im i la r i t y  one to  a n o th e r. T h e  G lasgow  P la n t q u a lity  
c o n tro l o rg a n is a t io n  c h a r t as show n in  F ig u re  No: 4 . 3 is  v e r y  ty p ic a l,  
as each p la n t has th e  fo llo w in g  b a s ic  a c t iv i t ie s : -  (see  F ig u re  No: 5 .1 ),
o M e ta l lu r g ic a l  ( in c lu d in g  in  m o s t cases c h e m is t ry ,  hea t t r e a t ­
m e n t c o n tro l and w e ld in g  c o n tro l) .
o In te rn a l p la n t in s p e c tio n  (m a ch in e  shop a n d /o r  a s s e m b ly ).
o Q u a lity  a ssu ra n ce  (s u p p lie r  l ia is o n ,  q u a li ty  p la n n in g ).
o P ro d u c t q u a li ty  (c u s to m e r l ia is o n ) .
Some o f the  C a te r p i l la r  P la n ts  have v a r io u s  a lte rn a t iv e s  to  th e  above 
w h ic h  in c o rp o ra te  p a r ts  o f o th e r  d e p a rtm e n ts . F o r  e xa m p le , i t  is  
no ted  in  th e  S agam i P la n t in  Japan, th a t th e y  have a m a te r ia l  q u a li ty  
d iv is io n  w h ic h  in c o rp o ra te s  th e  m e ta l lu rg ic a l fu n c t io n  as a sub 
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Figure No; 5.1
M'
03 ^
r  o
II
><0
crq <T>
H !z|
r+
§
g
I
H
6
%
;o
-tü
>
H
S)
:§
G
S
W
œ ;
-242.
s e c tio n . T h e  G o sse lie s  P la n t in  B e lg iu m  has a q u a li ty  e n g in e e rin g  
d iv is io n  w h ic h  in c o rp o ra te s  a s e c tio n  o f d e s ig n  e n g in e e r in g  as a sub 
s e c tio n  o f q u a li ty  c o n tro l.
T h e  com m on  fe a tu re s  o f each o f th e  16 o rg a n is a tio n  c h a r ts  and 
re la te d  s y s te m s  w e re  -
o T h e  m o s t s e n io r  q u a li ty  c o n tro l m a n a g e r re p o r te d  d ir e c t ly  to  th e  
c h ie f e x e c u tiv e  a t each m a n u fa c tu r in g  p la n t.
o A l l  q u a l i ty  c o n tro l m a n a g e rs  had a fu n c t io n a l a u th o r ity  w ith  the
d ir e c to r  o f q u a l i ty  c o n tro l at the  C a te r p i l la r  w o r ld w id e  head ­
q u a r te rs  in  P e o r ia ,  I l l in o is ,  U .S .A .
o A l l  s t ru c tu re s  in c lu d e d  th e  a fo re m e n tio n e d  d iv is io n s  in  som e
fo r m  o r  a n o th e r, th a t is  m e ta llu rg y , in s p e c tio n , q u a li ty  a s s u r ­
ance and p ro d u c t q u a lity .
o E ach  p la n t had c o m p a tib le  le v e ls  o f m an age m en t, th a t is  d e p a r t­
m e n t head, s u p e rin te n d e n t o f in s p e c tio n , and s u p e rv is o ry  
p o s it io n s  in  a f la t  r a th e r  th a n  t a l l  o rg a n is a tio n  s t ru c tu re .
o E a ch  p la n t had c o m p a tib le  ra t io s  o f in s p e c to r  to  d ire c t  h o u r ly  
p a id  em p lo ye e  (tha t is  th o se  em p loyees  d ir e c t ly  engaged in  p r o ­
d u c in g  s a le a b le  p a r ts  o r  a s s e m b lin g  p ro d u c t) . T a b le  No: 5. 2 
show s th e  re la t io n s h ip  p la n t b y  p la n t w ith  r a t io  o f q u a li ty  c o n tro l 
m a n p o w e r to  to ta l m a n p o w e r.
o E a ch  p la n t o p e ra te d  an annu a l expense budge t to  c o v e r la b o u r  and 
o p e ra tin g  m a te r ia l  expenses b u t not c a p ita l.  T h is  budge t as 
show n in  T a b le  No: 5. 3 has re m a rk a b le  c o n s is te n c y  p la n t b y  
p la n t th ro u g h o u t th e  w o r ld w id e  o rg a n is a tio n .
T h e  d if fe re n c e s  in  th e  16 o rg a n is a tio n  c h a rts  and s y s te m s  w e re  as 
fo llo w s  : -
o M a g n itu d e  in  n u m b e rs . T h e  la rg e s t  p la n t a t E a s t P e o r ia ,  I l l in o is  
had 661 h o u r ly  in s p e c to rs  a g a in s t a to ta l o f 94 a t G lasgow , 
S co tland  bu t the  r a t io  o f to ta l  m a n po w e r to  h o u r ly  in s p e c to r  is  
c o m p a tib le  a t 5. 0 and 4. 7 re s p e c t iv e ly ,  (see T a b le  No: 5. 2).
o T h e  n u m b e r o f c o -o rd in a te  m e a s u r in g  m a ch in e s  in  o p e ra tio n  and 
th e  n u m b e r o f in s p e c t io n -o p e ra to rs  a ss ig n e d  to  the se  C M M s.
(see T a b le s  N os: 5 .1  and 5. 5).
o T h e  q u a li ty  p la n n in g  d eve lo p m e n ts  a t each p la n t to  s u p p o rt the  
new m e a s u r in g  te c h n o lo g ie s , (see A p p e n d ix  P  - S ta t is t ic s  r e ­
g a rd in g  C M M  usage a t C a te r p i l la r  w o r ld w id e ) .
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TABLE No; 5. 2
MANPOWER CATERPILLAR WORLDWIDE
Total T otal Qual. Cont,
Plant Total T otal Hourly Quality as % of total
Name: Manpower: Hourly: Direct; Control: Manpower:
U, S. P lants:
Aurora 5407 4006 1505 270 4. 9
D allas N. A. N .A . N .A . N .A . N .A .
Davenport 1689 1144 630 115 6 .8
Decatur 5029 3865 1756 250 4. 9
East P eoria 14593 11490 4887 742 5 .0
Joliet 5852 4696 2624 288 4. 9
Mapleton N .A . N .A . N .A . N .A . N .A .
Mentor 2305 1600 718 90 3. 9
Milwaukee 777 561 359 38 4. 9
M ossv ille 2091 1356 314 110 5. 3
Pontiac N .A . N .A . N .A . N .A . N .A .
San Leandro 1995 1596 919 107 5. 36
York 2333 1850 1111 116 4. 9^
4 2 0 7 1 (6 9 ) 5. 08 U. S. A verage
Outside U. S.
Glasgow 2338 1692 764 110 4 .7
G osselies 4284 3053 N .A . 185 4 .3
Grenoble 2286 1621 1150 135 5. 9
L e icester 795 405 179 64 8. 0
Melbourne 194 91 26 8 4 .1
M onterrey N .A . N .A , N .A . N .A . N .A .
N ew castle 2048 1529 849 81 3. 8
P iracicaba 823 484 191 36 4 .3
Sao P aulo 2062 1334 N .A . 106 5.1
Toronto 277 178 54 10 3. 6
Vernon N .A . N .A . N .A . N .A . N .A .
Sagami 4169 2593 1597 494 11. 84
6 1 ,3 4 7 1 9 2 7 6 (3 1 ) 5. 56 outside U. S. à
Mean 3041 2198 968 169 5. 32 World Average
Variance N .A . N .A . N .A . N .A .
N. 21 21 21 21
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TABLE No: 5, 3
QUALITY CONTROL MANPOWER AND BUDGET PER ANNUM
CATERPILLAR WORLDWIDE
Plant
Name:
U .S . PLANTS;
Aurora
D allas
Davenport
Decatur
East P eor ia
Joliet
Mapleton
Mentor
Milwaukee
M ossv ille
P ontiac
San Leandro
York
Inspection
Hourly:
237
NA
102
220
661
249
NA
76
29
162
NA
96
99
Inspection
Weekly:
2
NA
2
2
5
11
NA
1
4
NA
1
1
Budget
per
Inspection Annual Inspection  
Monthly: Budget; Head; £'s
1978 Value in £000s
31
NA
11
28
76
28
NA
14
8
30
NA
10
16
5023 
NA . 
2433 
5000 
9879 
5866 
NA 
1762 
748 
4695 
NA 
2496 
2605
18. 60
21.15  
20. 00 
13. 31 
20. 36
19.57  
19. 68 
42. 68
23. 32 
22.45
£40. 5M 22.11 Av. US plants,
OUTSIDE U. S.
Glasgow 94
G o sse lies  165
Grenoble
L eicester  30
Melbourne 5
M onterrey NA
N ew castle 66
P iracicaba  29
Sao Paulo 95
Toronto 9
Vernon NA
Sagami 182
2
11
110
17
2
NA
1
2
1
NA
14
19
25
17
1
NA
14
5
10
1
NA
312
1200
3993
1000
NA
343
NA
500
1684
2277
343
NA
2650
£14M
10. 90 
21.58  
7 .40
42.87
6.17  
46.77  
21.48  
34. 3
5.36
21. 87 Av. outside US
Mean
Variance
N.
128
NA
21
8 .5
NA
21
32. 66
NA
21
£54. 5M 21. 99 T otal World 
A verage.
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o T h e  n u m b e rs  o f h o u r ly  in s p e c to rs  d is p la c e d  and th e  n u m b e r o f 
w h ite  c o l la r  p la n n e rs  added, d ir e c t ly  due to  th e  in tro d u c t io n  o f 
new te c h n o lo g ie s , (see ta b le  No: 5 .4 ) .
T h e  above d if fe re n c e s  a re  m a in ly  o f n u m e r ic a l fe a tu re s . T h e  s ig n i­
f ic a n t asp ec t is ,  th a t f r o m  a com m on  d a tum  base o rg a n is a t io n  s t r u c t ­
u re , a l l  o f th e  16 p la n ts  have had som e d eg ree  o f change in  th e  
o rg a n is a tio n  s t ru c tu re ,  due to  th e  in tro d u c t io n  o f c o m p u te r -a s s is te d  
c o -o rd in a te  m e a s u r in g  m a ch in e  te ch n o lo g y .
T h e  B e g in n in g  o f a Change.
T h e  E a s t P e o r ia  P la n t o f C a te r p i l la r  T r a c to r  C om pany  w as f i r s t  to  
in tro d u c e  c o m p u te r -a s s is te d  c o -o rd in a te  m e a s u r in g  m a ch in e s  in  the  
w ho le  e n te rp r is e  in  1970. A  b r ie f  h is to r y  o f th is  d e ve lo p m e n t is  
g ive n  in  A p p e n d ix  P . T h e  re a s o n  w hy th is  d e ve lo p m e n t is  im p o r ta n t 
to  th is  s tu d y  is  co n ce rn e d  w ith  th e  fa c t,  th a t th e  new te ch n o lo g y  
fo rc e d  E a s t P e o r ia  to  fo r m  a s p e c ia l te a m  o f m o n th ly  s ta f f  e n g in e e rs  
and c o m p u te r  e x p e rts  to  deve lop  th e  f i r s t  m a s te r  c o n tro l p ro g ra m m e s  
f o r  use on th e  f i r s t  g e n e ra tio n  o f c o m p u te r -a s s is te d  m e a s u r in g  
m a ch in e s  in tro d u c e d  in to  th e  E a s t P e o r ia  P la n t .  T h e  fo rm a t io n  o f 
th is  te a m  w as to  becom e  th e  hub f o r  the  c o m p u te r  re q u ire m e n ts  o f a l l  
o th e r  C a te r p i l la r  p la n ts  w o r ld w id e , thus  m in im is in g  c o n s id e ra b ly  the  
p ro g ra m m in g  re q u ire m e n ts  a t each in d iv id u a l p la n t.
T h e  E a s t P e o r ia  q u a li ty  c o n tro l o rg a n is a tio n  was th e re fo re  su b je c te d  
to  the  fo l lo w in g  -
o In c re a s e d  spans o f c o n tro l w ith in  the  q u a l i ty  a ssu ra n ce  d iv is io n  
as a new  sub d iv is io n  w as fo rm e d  to  m ee t th e  p ro g ra m m in g  needs 
o f th e  c o -o rd in a te  m e a s u r in g  m a ch in e s .
o In c re a s e d  n u m b e rs  o f le v e ls  o f m anagem ent s t ru c tu re  due to  th e  
v e r t ic a l  p re s s u re s  w h ic h  w e re  c re a te d , and th e  need to  a s s ig n  a 
m a n a g e r p o sse ss in g  e n g in e e r in g  and c o m p u te r  know ledge  to  a 
h ig h  d e g re e  o f com pe tence , to  m ee t th e  needs o f th e  new te c h ­
no log y .
o M a n p o w e r changes as 16 in s p e c to rs  w e re  s e le c te d  f r o m  the 
h o u r ly  p a id  in s p e c tio n  g ro up , t ra in e d  and a ss ig n e d  to  th e  new 
C C M M s. T h is  e v e n tu a lly  re s u lte d  in  the  d is p la c e m e n t o f 8 o th e r  
in s p e c to rs  who w e re  a b so rb e d  in to  o th e r  w o rk  o r  not re p la c e d  
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w hen th e y  r e t i r e d  ( s im i la r  to  th e  s itu a t io n  a t G lasgow ). E a s t 
P e o r ia  a ls o  re p o r te d  th a t th e y  in c re a s e d  th e  w h ite  c o l la r  
p la n n in g  b y  4 peop le ).
C hanges a t o th e r  C a te r p i l la r  P la n ts ,
One o th e r p la n t m ade  s u b s ta n tia l in c re a s e s  to  i ts  p la n n in g  s ta f f  w ith in  
q u a li ty  a s s u ra n c e ,th is  w as M o s s v il le ,a g a in  lo c a te d  in  I l l in o is ,  USA. 
T h e se  changes re s u lte d  in  th e  c re a t io n  o f a sub d iv is io n  and th e  a p p o in t­
m e n t o f a h ig h ly  q u a lif ie d  le a d e r . T h e  re a s o n  w hy  M o s s v il le  w en t in  
th a t d ir e c t io n  w as due to  th e i r  deve lo p m en t and use o f a la r g e r  ty p e  o f 
c o m p u te r th a n  th e  E a s t P e o r ia  m o d e l and th e re fo re  th e y  had to  deve lop  
th e i r  ow n s o ftw a re  re q u ire m e n ts  w ith o u t th e  a id  o f E a s t P e o r ia ,  T h e  
s o ftw a re  s e rv ic e  p ro v id e d  by  E a s t P e o r ia  to  a l l  o th e r  C a te r p i l la r  
P la n t u n d e rp la y s  the  t ru e  te c h n o lo g ic a l dem and, w h ic h  w o u ld  e x is t a t 
each o f th e se  p la n ts  had th e  s e rv ic e  not be en a v a ila b le . No o th e r C a te r ­
p i l l a r  P la n t re p o r te d  h a v in g  to  in c re a s e  th e i r  span o f c o n tro ls  n o r 
le v e ls  o f m anagem e n t bu t 12 o f the  p la n ts  out o f th e  to ta l  16 added w h ite  
c o l la r  p la n n e rs  in  v a r io u s  q u a n tit ie s  to  hand le  th e  needs o f the  new te c h ­
n o log y . In  a d d it io n  to  th is  as o f 1978, 13 out o f th e  16 p la n ts  had d is ­
p la ce d  o r  re m o v e d  in s p e c to rs  as s u rp lu s  to  re q u ire m e n ts ,  due to  th e  
im p a c t o f th e  new  e q u ip m e n t. T h e  p la n n e rs  added and in s p e c to rs  r e ­
duced b y  each p la n t is  g ive n  as fo llo w s  : -
In s p e c to rs  % o f to ta l
T a b le  No: 5. 4
P la n ts : D is p la c e d : h r y  in s p ts : P la n n e rs
A u ro ra 4 1 .7 1
D a v e n p o rt 3 3 2
D e c a tu r 1 0. 5 0
E a s t P e o r ia 8 1 .2 4
J o lie t 2 0. 8 1
M e n to r 0 0 1
M ilw a u k e e 1 3 1
M o s s v il le 6 3. 7
San L e a n d ro 1 1 1
Y o rk 2 2 1
G lasgow 3 3
G o sse lie s 1 0. 6 1
G re n o b le 2 2 1
L e ic e s te r 0 0 0
Sao P a u lo 3 3 1
S agam i 0 0__ 0
T O T A L : 39 A v e r .  2, 0 19
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T h e  f ig u re s  g ive n  above show th a t f o r  e v e ry  w h ite  c o l la r  m an  added 
2 h o u r ly  in s p e c to rs  have on a ve ra g e  been d is p la c e d , o r  on a ve ra g e  2 
p e rc e n t o f th e  to ta l in s p e c tio n  h o u r ly  p a id  g ro u p  b y  p la n t. I t  is  p ro b ­
a b le  w ith  th e  g e n e ra tio n  o f m o re  new s o ftw a re  b y  th is  p la n n e r g ro u p  
th a t the  h o u r ly  in s p e c to r  m a n p o w e r w i l l  f u r th e r  re d u c e  w ith  a c o r ­
re s p o n d in g  in c re a s e  in  th e  p la n n e rs .
C u r re n t M e a s u r in g  M a ch in e  S ta tus a t a l l  C a te r p i l la r  P la n ts .
A p p e n d ix  P show s th e  s ta t is t ic s  re g a rd in g  th e  C C M M  usage a t C a te r ­
p i l l a r  w o r ld w id e . T h e  ta b le  in d ic a te s  th a t 12, 568 a p p lic a t io n  tapes 
w e re  in  e x is te n c e  in  1978. T h is  m eans th a t th is  n u m b e r o f o p e ra tio n s  
co u ld  be  v e r i f ie d  on a c o m p u te r -a s s is te d  m e a s u r in g  m a ch in e  in s te a d  
o f u s in g  c o n v e n tio n a l m e a s u r in g  te c h n iq u e s . T a b le  N o: 5. 5 shows 
th e  to ta l  n u m b e r o f c o m p u te r -a s s is te d  m e a s u r in g  m a ch in e  o p e ra to rs  
as a p e rc e n ta g e  o f a l l  in s p e c to rs  in  each p la n t. T h e  to ta l  n u m b e rs  
w o r ld w id e  is  show n a t 102 in s p e c to r -o p e ra to rs  o r  4, 9 p e rc e n t o f a l l  
in s p e c to rs .
E x a m in a tio n s  o f th e  A m e r ic a n  p la n ts  show th a t M ilw a u k e e  p la n t has 
th e  h ig h e s t p e rc e n ta g e  o f C C M M  o p e ra to rs  to  in s p e c to rs  a t 17 p e rc e n t. 
M ilw a u k e e  p la n t has a h ig h  d e g re e  o f fa b r ic a t io n  w o rk  in  i ts  l in e  o f 
p ro d u c t and fo r  th is  re a s o n ,c a n  m ake  good use o f m e a s u r in g  m a ch in e  
te c h n o lo g y . T h e  E a s t P e o r ia  p la n t w h ile  h a v in g  th e  la rg e s t  n u m b e r 
o f C C M M s is  b e lo w  th e  a ve ra g e  p e rce n ta g e  o f to ta l  in s p e c to rs  a t 2. 4 
a g a in s t an A m e r ic a n  p la n t a ve ra g e  o f 5 .1  p e rc e n t. S agam i p la n t in  
Japan has the  g re a te s t n u m b e r o f C C M M  o p e ra to rs  o u tw ith  A m e r ic a  
a t 18 m a k in g  th e  p e rc e n ta g e  o f o p e ra to rs  to  in s p e c to rs  at 10 p e rc e n t. 
A lm o s t  a l l  o f th e  p la n ts  o p e ra te  th e  e qu ip m e n t on tw o  o r  th re e  s h if ts ,  
th e  e xce p tio n s  b e in g  D a v e n p o rt p la n t in  A m e r ic a  w h ic h  is  a new 
in s ta l la t io n  and p ro b a b ly  in  th e  c o u rs e  o f m a n n in g  up, and L e ic e s te r  
p la n t in  E n g la n d  who do not have any m a ch in e  shop m a n u fa c tu r in g  bu t 
a s s e m b ly  fu n c tio n s  o n ly .
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Table No:5.5
Computer A ss is te d  Measuring Machine Operators as at 1978.
U .S .
P la n ts  :
A u ro ra
D a v e n p o rt
D e c a tu r
E a s t P e o r ia
J o lie t
M e n to r
M ilw a u k e e
M o s s v il le
San L e a n d ro
Y o rk
C C M M -'
In s p e c to r
O p e ra to rs
5
8
4 
16
5 
3 
5 
5 
7
_4 
65
% o f to ta l 
In s p e c to rs
2
8
1. 8
2 .4
2
4
17
3 
7
4
No. o f
S h ifts
W o rk e d
3
1
3
3
3
2
2
2
3
2
A v e r  5 .1 %  A v e r  2 .4
O u ts id e
U . S . A .
G lasgow
G o s s e lie s
G re n o b le
L e ic e s te r
Sao P a u lo
S agam i
G R A N T T O T A L :
6
5
3 
1
4 
18
102
A v e r
A v e r
6 3
3 3
2 .7  2
3. 3 1
4 2
10  _2__
4 . 8 %  A v e r  2 .1
4. 9% A v e r  2. 3
^ C o m p u te r -A s s is te d  C o -o rd in a te  M e a s u r in g  M a ch in e s  o n ly .
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Conclusions from the analysis of organisation.
o C a te r p i l la r  q u a li ty  c o n tro l o rg a n is a tio n  s tru c tu re s  in  w o r ld w id e  
p la n ts  a re  v e r y  s ta n d a rd is e d  w ith  a f la t  r a th e r  th a n  t a l l  s t r u c t ­
u re s , Spans o f c o n tro l a t th e  top  end do not exceed 7 in  any one 
p la n t. T h e  span o f c o n tro l f o r  the  f i r s t  l in e  s u p e rv is o r  o f 
in s p e c to rs  v a r ie d  be tw een  17 and 7 in s p e c to rs .
o Q u a lity  a s s u ra n ce  d iv is io n s  a t 2 p la n ts  out o f 16 w e re  fo rc e d  to  
extend  th e i r  span o f c o n tro l b y  add ing  a s p e c ia l sub d iv is io n  to  
h and le  th e  new m e a s u r in g  m a ch in e  te ch n o lo g y .
o M o s t o f th e  p la n ts  d is p la c e d  b lu e  c o l la r  in s p e c to rs  as s u rp lu s  to  
re q u ire m e n ts  due to  new te ch n o lo g y .
o M o s t o f the  p la n ts  added w h ite  c o l la r  p la n n e rs  to 's u p p o r t  the  
new  m e a s u r in g  m a ch in e  te ch n o lo g y .
o I t  is  a lm o s t c e r ta in  th a t the  above s h if ts  in  e m p lo y m e n t w i l l  
co n tin u e  as th e  m e a s u r in g  m a ch in e  te c h n o lo g y  fu r th e r  extends 
in to  th e se  p la n ts .
o C o m m u n ic a tio n  s y s te m s  a re  h ig h ly  in te g ra te d  w ith in  the  w o r ld ­
w id e  o rg a n is a tio n . E a ch  p la n t b e in g  in te rd e p e n d e n t on the  
c e n tra l h e a d q u a rte rs  and th e  E a s t P e o r ia  q u a l i ty  a ss u ra n c e  
d iv is io n  s p e c if ic a l ly  f o r  s o ftw a re  re q u ire m e n ts .  •
o W h ile  l in e s  o f fu n c t io n a l a u th o r ity  o p e ra te d  be tw een  p la n ts  and 
c e n tra l h e a d q u a rte rs , each p la n t had to ta l d ir e c t  l in e  a u th o r ity  
w ith in  t h e i r  own p la n t fo r  th e  u t i l is a t io n  o f t h e i r  m e a s u r in g  
m a ch in e  te c h n o lo g ie s .
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5 .4  -  R E S IS T A N C E  T O  NEW  M E A S U R IN G  M A C H IN IN G  
T E C H N O L O G Y  IN  T H E  M U L T IN A T IO N A L .
T h e  fa c t o f re s is ta n c e  to  in n o v a tio n  e m e rg e s  f r o m  n e a r ly  a l l  s tu d ie s  
o f the  in n o v a tio n  p ro c e s s . T h e  re la t io n s h ip  be tw een  th e  e n tre p re n e u r  
( in  an e s ta b lis h e d  o rg a n is a tio n )  and re s is ta n c e  s o m e tim e s  appears  
a lm o s t to  fo l lo w  N e w to n 's  T h i r d  L a w  o f M o tio n  (a c tio n  and re a c t io n  
a re  equa l and o p p o s ite ). In  a s e c tio n  on re s is ta n c e  to  te c h n o lo g ic a l 
in n o v a tio n  in  h is  te x t ,  "R e s e a rc h , D e ve lo p m e n t and T e c h n o lo g ic a l 
In n o v a tio n " , Jam es R . B r ig h t  l is t s  12 re a so n s  w h y  in n o v a tio n s  a re  
opposed. T h e se  12 re a son s  have been r e - in te r p r e te d  and re d u ce d  to  
9 re a so n s  in  o rd e r  to  te s t re s is ta n c e  to  th e  in n o v a tio n  o f m e a s u r in g  
m a ch in e  te c h n o lo g y . T h e  fo r th c o m in g  a n a ly s is  on th e  m u lt in a t io n a l 
p la n ts  o f C a te r p i l la r  is  ag a in  re p e a te d  in  c h a p te r 6, in  th e  s tu d y  o f 
m u lt ip le x  f i r m s .  A p p e n d ix  O -  S ec tio n  I I I  -  q u e s tio n  10, asked  the  
fo llo w in g  q u e s tio n  o f 23 q u a li ty  c o n tro l m a n a g e rs , v iz : -
o I t  has been  suggested  th a t a u to m a tio n  and advanced  te c h n o lo g y  o f 
any k in d  w i l l  be re s is te d  f o r  v a r io u s  re a s o n s , som e  o f w h ic h  a re  
as fo l lo w s .  H as th is  been  y o u r  e x p e rie n c e  w ith  in s p e c tio n  
e q u ip m e n t in  p a r t ic u la r?
E ach  q u a li ty  c o n tro l m a n a g e r was re q u e s te d  to  a n s w e r ye s , no, 
o r  p e rh a p s , to  the  fo llo w in g  9 re a so n s  (the  v a r io u s  re a so n s  have 
been sh o rte n e d  h e re  in  th e  te x t bu t a re  show n in  f u l l  in  the  above 
n u m b e re d  A p p e n d ix )
o S ta tus and p re ro g a t iv e ,
o E x is t in g  w ays ,
o S k il ls  e x p e r ie n c e  and know ledge , 
o S e c u r ity  o f e m p lo y m e n t,
o A v o id  s c ra p p in g  a s s e ts ,
o A v o id  a lte r in g  o th e r  s y s te m s ,
o F e a r  o f change
o C o n f lic t  w ith  o rg a n is e d  g ro u p s ,
o In c re a s e s  m y s tiq u e .
R e s u lts  o f S u rve y .
T a b le  No: 5. 6 d e ta ils  the  re s u lts  g e n e ra te d  f r o m  A m e r ic a n  and non 
A m e r ic a n  p la n ts  and show s som e v e ry  in te re s t in g  p a tte rn s , e s p e c ia lly  
w hen A m e r ic a n  p la n ts  a re  co m p a re d  to  non A m e r ic a n  and th e n  as a 
to ta l g ro u p  re p re s e n tin g  the  g e n e ra l a tt itu d e  o f an A m e r ic a n  m u l t i ­
n a tio n a l c o rp o ra t io n  in  re la t io n s h ip  to  th e  im p o r ta n t q u e s tio n  o f new 
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TABLE No:5. 6
A U T O M A T IO N  AND A D V A N C E D  T E C H N O L O G Y  
R E S IS T A N C E  T O  CHAN GE A T C A T E R P IL L A R  - W ORLDW IDE
C a t e r p i l l a r
M a jo r
S u r v e y
!
P r o t e c t i o n
of;
U. S. P la n t s  
Y e s : P ' h p s :  No:
O th er
Y e s : P ' h o s No:
T O T A L  
Y e s ; P 'h p s :  No:
( U s e r s )
Y e s : P 'h p s : No: 1
S tatus: 61 30 8 30 20 50 47 26 26 8 11 70
E x i s t i n g  W a y s ;  • 38 30 23 30 10 60 34 26 39 16 18 66
Skill: 23 38 38 20 10 70 22 26 52 9 26 64
S e c u r i ty ; 38 38 23 20 0 80 30 22 47 15 25 59
A s s e t s : 61 23 _ 1 5 ........ 20 30 50 43 26 30 11 17 70
O th e r  S y s t e m s ; 46 23 30 50 20 30 47 22 30 11 21 66 ■
F e a r  C hange; 76 0 23 50 0 50 65 0 34 21 24 55
C o n fl ic t  ; 23 38 38 30 20 50 26 30 43 8 19 73
M y s t ic : 46 30 23 .10 50 40 30 39 30 8 21 69
O vera ll
P e r c e n ta g e s
N = 13 N = 10 23 N = 140
46 27 24 28 17 53
N. B . F i g u r e s  sh o w n  a r e  P e r c e n t a g e  V a lu e s  f r o m  E a c h  S u r v e y
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advanced  te c h n o lo g y  a n d /o r  a u to m a tio n  o f any typ e , w h ic h  is  in t r o ­
duced in to  the  m a n u fa c tu r in g  e n v iro n m e n t. On th e  aspect o f s ta tu s , 
i t  is  v e r y  a p p a re n t th a t an A m e r ic a n  em p lo yee  w o u ld  c o n s id e r  th is  so 
im p o r ta n t th a t he w o u ld  r e s is t  any e ffe c ts  on th is  s ta tu s  b y  a u to m a ­
t io n  o r  advanced te ch n o lo g y . In  c o n tra s t the  non A m e r ic a n  p la n ts  
re p o r t  a m u ch  lo w e r  c o n c e rn  f o r  s ta tu s  and ind eed  h a lf  o f the  
re sp o n se s  show  a d e f in ite  no to  th is  p o in t and w o u ld  not r e s is t  a 
change due to  a need to  p ro te c t s ta tu s . T h e  a tt itu d e  s u rv e y  conducted  
at th e  s in g le  m a n u fa c tu r in g  p la n t o f C a te r p i l la r ,  G lasgow  w ou ld  te n d  
to  c o n tra d ic t th e  o v e ra l l  re s u lts  f r o m  non A m e r ic a n  p la n ts , as 
in s p e c tio n  o p e ra to rs  on the  new c o -o rd in a te  m e a s u r in g  m a ch in e s  
in d ic a te d  th e i r  s tro n g  a w a re n e ss  o f s ta tu s  on the  new e q u ip m e n t. 
C h a p te r 4, s e c tio n  4. 4, page 197. W hen a l l  o f th e  9 fa c to rs  a re  
re v ie w e d , i t  is  c le a r  th a t m a jo r  d if fe re n c e s  a re  a p p a re n t be tw een  the  
A m e r ic a n  and non A m e r ic a n  p la n ts  in  4 fa c to rs ,  n a m e ly  th a t r e s is t ­
ance to  the  change w o u ld  be h ig h  f o r  th e  p ro te c t io n  o f s ta tu s , v a lu a b le  
a sse ts , g e n e ra l fe a r  o f change and th e  m y s tiq u e  w h ic h  tends  to  s u r ­
ro u n d  som e shop f lo o r  s k i l ls  and know ledg e . T h e  non A m e r ic a n  
p la n ts  w e re  a ls o  h ig h  in  g e n e ra l fe a r  o f change b u t no t as h ig h  as the  
A m e r ic a n  re s u lt .  T h e  non A m e r ic a n  p la n ts  e x p re s s e d  a h ig h  f ig u re  
f o r  th e  need to  a v o id  chang ing  o th e r sys te m s  in  h a rm o n y  w ith  in s p e c t­
io n , bu t a p a r t f r o m  th e se  2 m o d e ra te ly  h ig h  f ig u re s ,  th e  non A m e r ic a n  
p la n ts  tended  to w a rd s  a n e g a tive  r e s u lt  fo r  a l l  th e  o th e r  7 fa c to rs .  
Indeed  th e  q u e s tio n  o f re s is ta n c e  to  change to  p ro te c t s e c u r ity  o f 
e m p lo ym e n t w as re je c te d  b y  80 p e rc e n t o f th e  re sp o n d e n ts . T h e  sam e 
s tro n g  n e g a tive  r e s u lt  w as g ive n  f o r  a need to  p ro te c t hand s k i l ls  and 
know ledge . O v e ra l l  th e  A m e r ic a n  based p la n ts  w e re  46 p e rc e n t 
p o s it iv e  th a t th e re  w ou ld  be som e degre e  of re s is ta n c e , 24 p e rc e n t 
n e g a tive  th a t th e re  w o u ld  be any re s is ta n c e  to  change, and 27 p e rc e n t 
u n su re  w h e th e r th e re  w ou ld  be re s is ta n c e  o r  no t. N on A m e r ic a n  
p la n ts  w e re  o v e ra l l  28 p e rc e n t p o s it iv e  th a t th e re  w o u ld  be som e 
re s is ta n c e  to  change, 53 p e rc e n t n e g a tive  th a t th e re  w ou ld  be any 
re s is ta n c e  to  change and o n ly  17 p e rc e n t u n su re  w h e th e r th e re  w ou ld  
be any re s is ta n c e  o r  no t.
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B a s ic a l ly  the  above re s u lts  suggest th a t th e  A m e r ic a n  based  q u a li ty  
c o n tro l m a n a g e r is  co n ce rn e d  th a t he w i l l  have g re a te r  re s is ta n c e  to  
new te c h n o lo g y  th a n  the  non A m e r ic a n  q u a li ty  c o n tro l m a n a g e r w ith in  
th e  m u lt in a t io n a l o rg a n is a tio n . T h is  aga in  m aybe  a m a tte r  o f e x p e r i­
ence, as w as show n p re v io u s ly  in  T a b le  No: 5 .1 , th e  A m e r ic a n  p la n ts  
have a m uch  g re a te r  p ro p o r t io n  o f m e a s u r in g  te c h n o lo g y  a lre a d y  in  
use th a n  non A m e r ic a n  p la n ts  and th e re fo re  co u ld  be e x p e r ie n c in g  
re s is ta n c e  in  th e  fa c to rs  as show n. T h is  s u b je c t w i l l  be fu r th e r  d is ­
cussed  la te r  in  c h a p te r 6 w hen c o m p a ris o n s  w i l l  be d ra w n  f ro m  
s e v e ra l s tu d ie s  on th is  im p o r ta n t aspec t o f re s is ta n c e  to  change, 
b ro u g h t about b y  new te c h n o lo g ie s  in  m a n u fa c tu r in g  in d u s tr ie s .
In  s u m m a ry  the  to p  3 re a so n s  g ive n  b y  each g ro u p  as e x tra c te d  f r o m  
T a b le  N o: 5. 6 w e re  as fo l lo w s : -
T o p  3 R easons
A m e r ic a n
P la n ts .
O th e r
P la n ts :
P o s it iv e
P e rh a p s
N e g a tive
P o s it iv e
P e rh a p s
N e g a tive
F e a r
S k i l l
S k i l l
S ta tus
S e c u r ity
C o n f lic t
O th e r s ys te m s  F e a r  
M y s tiq u e  A s s e ts
S e c u r ity  S k i l l
S e c u r ity
C o n f lic t
O th e r
S ys tem s.
S tatus
Status
E x is t in g
w ays
A m e r ic a n
P la n ts .
O th e r
P la n ts .
C om b in ed  P o s it iv e  and P e rh a p s  R esponses
S ta tus A s s e ts  F e a r
F e a r O th e r
S ys tem s
C o n f lic t
A l l  M u lt in a t io n a l P la n ts
P o s it iv e  R easons:
C om b ined  P o s it iv e  
and P e rh a p s :
F e a r
S ta tus
S ta tus
A s s e ts
O th e r
S ys tem s
O th e r
S y s te m s /
M y s tiq u e
T h e  im p lic a t io n s  d ra w n  f r o m  the se  re s u lts  a re , th a t o v e ra l l  q u a lity  
c o n tro l m a n a g e rs  o f 23 m a n u fa c tu r in g  p la n ts  c o n s id e r  th a t g e n e ra l fe a r  
o f change w o u ld  be the  m a jo r  re a so n  fo r  r e s is t in g  th e  in tro d u c t io n  o f
n e w  m e a s u r in g  m a ch in e  te ch n o lo g y .
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5 .5  -  B E H A V IO U R A L  CHAN G ES IN  IN T E R G R O U P  A N D  IN T E R ­
P E R S O N A L  r e l a t i o n s h i p s .
One o f the  im p o r ta n t a re a s  o f th is  re s e a rc h  p ro je c t  is  co n ce rn e d  w ith  
b e h a v io u ra l changes b ro u g h t about b y  the  im p a c t o f new m e a s u r in g  
m a ch in e  te c h n o lo g ie s  on th e  shop f lo o r .  T a b le  No; 5, 7 p re s e n ts  the  
fin d in g s  f r o m  the  C a te r p i l la r  s tu d y  -  q u es tio n s  11 and 12, s e c tio n  I I  -  
A p p e n d ix  O and b ro k e n  down b y  A m e r ic a n , non A m e r ic a n  p la n ts , 
to g e th e r w ith  som e in fo rm a t io n  o b ta ined  f r o m  th e  f ie ld  re s e a rc h  o f a 
la rg e  n u m b e r o f independen t m a n u fa c tu r in g  f i r m s  w h ic h  w i l l  be d is ­
cussed  in  c h a p te rs  6 and 7, T h re e  fa c to rs  o f b e h a v io u r  w e re  m e a ­
s u re d , n a m e ly  changes in  in f lu e n c e , p o w e r and re la t io n s h ip s .
In  th is  s tu d y  th e se  fa c to rs  a re  d e fin e d  as fo l lo w s : -
In flu e n c e  is  d e fin e d  as the  a b i l i t y  o f th e  in s p e c to r  o p e ra to r  to  
have  som e e ffe c t upon the  p ro d u c tio n  s u p e rv is o r  a n d /o r  the  
m a ch in e  to o l o p e ra to r  to  change som e e s ta b lis h e d  o rd e r  o r  
p a tte rn  o f w o rk .
P o w e r  is  d e fin e d  as h a v in g  th e  c a p a c ity  to  p e rsu a d e , to  th e  
e x te n t o f ta k in g  som e a u th o r ity  by  the  in s p e c to r  o p e ra to r  o v e r  
th e  p ro d u c tio n  s u p e rv is o r  a n d /o r  m a c h in is t.
R e la tio n s h ip  is  d e fin e d  as th e  change in  m ode o r  s ta te  o f w o rk ­
in g  h a rm o n y  be tw een  the  in s p e c tio n  o p e ra tiv e  and th e  p ro d u c tio n  
s u p e rv is o r .
R e su lts  o f S u rve y .
T h e  A m e r ic a n  p la n ts  re p o r te d  an in c re a s e d  in f lu e n c e  a t a l l  p la n ts  
w h ile  non A m e r ic a n  p la n ts  show ed a w id e r  s p re a d  n o tin g  a g re a t ly  
in c re a s e d  in f lu e n c e , in c re a s e d  in f lu e n c e  and no change. T h e  o v e ra l l  
r e s u lt  b y  a l l  C a te r p i l la r  p la n ts  w o u ld  in d ic a te  th a t the  new advanced 
m e a s u r in g  m a ch in e  te ch n o lo g y  has had som e d e g re e  o f im p a c t, to  
cause the  in c u m b e n t in s p e c to r  to  be ab le  to  d e m o n s tra te  an in c re a s e d  
in f lu e n c e  on th e  p e r fo rm a n c e  o f h is  p e e r and s u p e r io r  le v e l e m p lo y ­
ees in  the  m a n u fa c tu r in g  p la n t. T o  a le s s e r  d e g re e  som e in c re a s e  in  
p o w e r w as no ted  in  bo th  A m e r ic a n  and non A m e r ic a n  p la n ts , a lthough  
A m e r ic a n  p la n ts  re p o r te d  a lm o s t h a lf  th e  re sp o n se  show ed no change
and non A m e r ic a n  p la n ts  a h ig h e r  re sp on se  fo r  no change. O v e ra ll  
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T A B L E  No: 5 .7
BEHAVIOURAL CHANGES SINCE TH E  INTRODUCTION OF CMM (1)
C a te r p i l la r
%
M a jo r
S u rve y :
U .S .
P la n ts  :
o th e r
P la n ts : T o ta l:
In flu e n c e :
G re a t ly  In c re a s e d 6 - 28 10
In c re a s e d 44 100 57 85
No Change 50 14 5
R educed - - - -
100 100 100 100
P o w e r
G re a t ly  In c re a s e d 1 - M -
In c re a s e d 22 55 85 38
N o Change 77 45 45 61 .
R educed - “ - -
100 100 100 100
R e la tio n s h ip ....~
G re a t ly  Im p ro v e d 2 - 28 10
Im p ro v e d 40 100 28 75
No Change 57 - 42 15
D e te r io ra te d 1 - - -
100 100 100 100
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th e re  w as a tw o - th ird s  m a jo r i t y  re p o r t in g  th a t th e  s ta te  had not 
changed be tw een  th e  in s p e c tio n  o p e ra to r  and the  p ro d u c tio n  s u p e r­
v is o r  a n d /o r  m a c h in is t.
A  no ta b le  im p ro v e m e n t in  re la t io n s h ip s  was e v id e n t, a l l  A m e r ic a n  
p la n ts  re p o r te d  som e im p ro v e m e n t bu t non A m e r ic a n  p la n ts  in d ic a te d  
bo th  g re a t ly  im p ro v e d  and im p ro v e d  b u t w ith  a m u ch  la r g e r  p ro ­
p o r t io n  sh o w in g  no change. Does th is  aga in  suggest a d if fe re n c e  in  
a tt itu d e  be tw een  th e  a ve ra g e  A m e r ic a n  e m p loyee  and th e  non A m e r i ­
can em p loyee?  W hy shou ld  th e  new te c h n o lo g y  a p p a re n tly  b r in g  the  
p ro d u c tio n  s u p e rv is o r  and th e  in s p e c to r  c lo s e r  to g e th e r  as a te a m  in  
A m e r ic a  and no t so in  non A m e r ic a n  p la n ts?  Is  th is  a q u e s tio n  o f 
m a tu r i t y  on th e  p a r t  o f th e  A m e r ic a n  em p loyee s  o r  a need fo r  th e  non 
A m e r ic a n  p ro d u c tio n  s u p e rv is o r  to  m a in ta in  som e fo r m  o f a u th o r ity  
in  th e  p e r fo rm a n c e  o f h is  task?  T h e se  q u e s tio n s  w i l l  be  d iscu sse d  in  
c h a p te r 6 o f th is  re s e a rc h .
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5 ,6  -  A T T IT U D E S  T O  IN T E G R A T IO N  O F JOBS A N D
D IS S A T IS F A C T IO N  W IT H  W O R K  A M O N G  IN S P E C TO R S  IN  
T H E  M U L T IN A T IO N A L  P L A N T S .
T h e  hum an p ro b le m s  a ss o c ia te d  w ith  the  m e rg in g  o f te c h n o lo g ie s  has 
a lre a d y  been  d iscu sse d  in  c h a p te r 4 o f th is  re s e a rc h , w h e re  i t  was 
show n th a t th e  m a jo r i t y  o f th e  in s p e c to rs  w e re  in  to ta l  d is a g re e m e n t 
w ith  the  p ro p o s a l to  in te g ra te  jo b  ta s k s , A  s im i la r  q u e s tio n  was put 
to  th e  23 q u a li ty  c o n tro l m a n a g e rs  at th e  m a n u fa c tu r in g  p la n ts  o f 
C a te r p i l la r  w o r ld w id e . T h e  q u e s tio n  as show n in  A p p e n d ix  O, s e c tio n  
I I  -  q u e s tio n  14 w as as fo llo w s
o I f  C M M s becom e  an in te g ra te d  p a r t  o f in - l in e  m a c h in in g  p ro c e s s  
and ou tpu t data  ta ke s  aw ay hum an  d is c re t io n s ,  do you  c o n s id e r  
th a t th e  in s p e c to r  shou ld  e v e n tu a lly  becom e p a r t  o f th e  p ro d u c tio n  
team ?
E a ch  q u a li ty  c o n tro l m a n a g e r was asked to  g ive  a re sp o n se  to  one o f 
th e  fo l lo w in g  v a r ia b le s
o S tro n g ly  d is a g re e
o M i ld ly  d is a g re e
o N e ith e r  a g re e m e n t n o r  d is a g re e m e n t 
o M i ld  a g re e m e n t 
o S tro n g  a g re e m e n t
R e la te d  to  th e  above q u e s tio n  was the  s u b je c t o f job  s a t is fa c t io n , 
shou ld  such  a s itu a t io n  a r is e  in  th e  fu tu re  and d ir e c t ly  a ffe c t th e  w o rk  
o f c ra f t  in s p e c to rs . T h is  q u e s tio n  as show n in  A p p e n d ix  O, s e c tio n  
I I ,  q u e s tio n  15, w as as fo llo w s
o I f  the  C M M  tends to  re q u ire  le s s  s k i l l  to  o p e ra te , do you th in k  
the  in s p e c to rs  o f to m o r ro w  w i l l  becom e d is s a t is f ie d  w ith  th e i r  
w o rk  o r  not?
T h e  sam e 5 v a r ia b le s  as d iscu sse d  above w e re  g ive n  fo r  re sp o n se  to  
th is  q u e s tio n .
R e s u lts  f r o m  S u rve y  -  In te g ra t io n
T a b le  No: 5. 8 show s th e  f in d in g s  f r o m  bo th  q u e s tio n s  as re c e iv e d  in  
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th e  re sp o n se s  f r o m  A m e r ic a n  p la n ts , non A m e r ic a n  p la n ts  and the  
f ie ld  s u rv e y  w h ic h  w i l l  be  d iscu sse d  in  c h a p te r 6 o f th e  re s e a rc h .
T h e  q u e s tio n  o f in te g ra t io n  gave q u ite  a re m a rk a b le  r e s u lt  in  the  
A m e r ic a n  s u rv e y  as a lm o s t a 50 p e rc e n t s p l i t  d e c is io n  w ent to  the  2 
e x tre m e  ends o f th e  v a r ia b le s  w ith  a m a rg in a l g a in  b y  tho se  in  s tro n g  
and m i ld  d is a g re e m e n t w ith  th e  p ro p o s a l, th e  non A m e r ic a n  p la n ts ' 
re sp o n se s  w e re  e q u a lly  u n co n v in c in g  w ith  a s im i la r  s p l i t  be tw een  
tho se  in  fa v o u r  and tho se  not in  favoua? o f in te g ra t io n  o f th e  in s p e c tio n  
fu n c tio n . I t  w as e v id e n t th a t th e re  a re  2 sch o o ls  o f th o u g h t on th is  
w ho le  s u b je c t, and one m a y  r e c a l l  th a t, w hen th e  sam e q u e s tio n  was 
pu t to  th e  in s p e c to r  g ro up  a t the  s in g le  m a n u fa c tu r in g  p la n t o f C a te r ­
p i l la r ,  G lasgow , a lthou gh  the  re sp o n se  in  the  m a jo r i t y  was to  d is ­
a g re e  w ith  in te g ra t io n , a t le a s t 20 p e rc e n t o f b o th  th e  c o n tro l and 
o p e ra tiv e  g ro u p s  d id  have m i ld  a g re e m e n t w ith  th e  concep t, see 
c h a p te r 4, s e c tio n  4, 5, page 207, T h e  w ho le  fu tu re  o f a u to m a tic  
gaug ing  in  p ro c e s s  is  v e r y  u n c e r ta in  and p e rha p s  re q u ire s  som e 
d eg ree  o f s p e c if ic  re s e a rc h  to  m o re  a c c u ra te ly  fo re c a s t th e  fu tu re  
d e ve lo p m e n t in  th e  in d u s try .  T h e  im p lic a t io n s  f r o m  th e se  fin d in g s  
w ou ld  suggest th a t, w h ile  th e  peop le  d ir e c t ly  a s s o c ia te d  w ith  these  
new te c h n o lo g ie s  a re  a w a re  o f the  advances b e in g  m ade, th e y  a re  un ­
dec id e d  o r  u n aw a re  o f th e  h um an  p ro b le m s  w h ic h  w i l l  in e v ita b ly  a r is e  
in  m a n u fa c tu r in g  in d u s tr ie s  as th e se  te c h n o lo g ie s  de ve lop  fu r th e r  in  
th e  fu tu re .
D is s a t is fa c t io n
T h e  p ro b le m  a ss o c ia te d  w ith  p o s s ib le  d e - s k i l l in g  o f in s p e c tio n  o p e r­
a tiv e s  th ro u g h  th e  advancem en t o f te ch n o lo g y , w as c o n s id e re d  b y  b o th  
A m e r ic a n  p la n ts  and non A m e r ic a n  p la n ts  and aga in  th e  re s u lts  a re  
d is p la y e d  on T a b le  No: 5, 8, T h e re  was a 60 p e rc e n t re sp on se  o f 
s tro n g  to  m i ld  d is a g re e m e n t b y  th e  A m e r ic a n  p la n ts  w ith  the  p ro p o s a l 
th a t fu r th e r  d e -s k i l l in g  w ou ld  le a d  to  d is s a t is fa c t io n  am ong in s p e c tio n  
o p e ra tiv e s  b u t 40 p e rc e n t o f th e  re sp o n se  s tro n g ly  a g re e  w ith  the  
p ro p o s a l. N on A m e r ic a n  p la n ts  w e re  not so undec ided  and showed 
b y  86 p e rc e n t th a t th e y  s tro n g ly  to  m i ld ly  d is a g re e d . T h e re  w e re  14 
p e rc e n t undec ided  w h ic h  was th e  ba lance  o f th e  o v e ra l l  non A m e r ic a n  
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TA B LE  No:5. 8
BEHAVIOURAL CHANGES SINCE T H E  INTRODUCTION OF CMM (2)
! C a te r p i l la r
%
iVEajor
S u rvey
U .S .
P la n ts
O th e r
P la n ts T o ta l
In te g ra t io n
S tro n g  D is a g re e m e n t 38 46 42 45
M ild  D is a g re e m e n t 11 7 - 5
N e ith e r  A g re e  n o r  D is a g re e 15 - 14 5
M ild  A g re e 15 - 28 10
S tro n g ly  A g re e 21 46 -14 35
100 100 100 100
D is s a t is fa c t io n
S tro n g  D is a g re e m e n t 31 53 57 55
M ild  D is a g re e m e n t 27 7 28 15
N e ith e r  A g re e  n o r  D is a g re e 20 - 14 5
M ild  A g re e 16 - - —
S tro n g ly  A g re e 6 40 - 25?
100 100 100 100
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p la n ts ' re sp o n se .
D e s p ite  th e  s p l i t  in  the  A m e r ic a n  p la n ts ' re sp o n se , i t  w o u ld  seem  
e v id e n t th a t th e re  is  no r e a l  co n c e rn  th a t th e  c ra f t  in s p e c to r  w i l l  
becom e d is s a t is f ie d  w ith  h is  w o rk  ta s k s  due to  p o s s ib le  d e -s k i l l in g .  
T h is  o u tcom e  is  su p p o rte d  in  the  s in g le  m a n u fa c tu r in g  p la n t s tu d y  
c h a p te r 4, s e c tio n  4. 4, w h e re  the  a tt itu d e  s tu d y  am ong  C M M  
in s p e c tio n  o p e ra to rs  re v e a le d  th a t th e y  had e x p e rie n c e d  an in c re a s e  
in  jo b  s a t is fa c t io n .
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5 .7  -  T H E  E F F E C T S  ON NEW  M E A S U R IN G  M A C H IN E  T E C H N O ­
L O G Y  O N S TA TU S  A N D  JO B IN T E R E S T  IN  T H E  M U L T I ­
N A T IO N A L  P L A N T S .
T h e  s u b je c t o f job  s ta tu s  has been d iscu sse d  in  s e v e ra l se c tio n s  of 
th is  re s e a rc h  and in  p a r t ic u la r  in  c h a p te r 4, s e c tio n  4, 4, w h e re  as a 
r e s u lt  o f an a tt itu d e  s u rv e y  i t  was re v e a le d  th a t c r a f t  in s p e c to rs  had 
e x p e rie n c e d  an im p ro v e m e n t in  th e ir  p e rs o n a l s ta tu s  s in c e  th e ir  
a ss ig n m e n t to  th e  new  m e a s u r in g  m a ch in e  te c h n o lo g ie s . T h e  q u e s tio n  
o f jo b  in te re s t  w as not re q u e s te d  in  th e  a fo re m e n tio n e d  a tt itu d e  
s u rv e y  bu t i t  w as im p lie d  f r o m  the  fin d in g s  in  th is  s u rv e y  th a t jo b  
in te re s t  had a ls o  im p ro v e d  in  l in e  w ith  s ta tu s . T h e  q u e s tio n  pu t to  
23 q u a li ty  c o n tro l m a n a g e rs  a t the  m a n u fa c tu r in g  p la n ts  o f C a te r ­
p i l l a r  re la te d  to  s ta tu s  and job  in te re s t  is  g ive n  in  app e n d ix  O, s e c tio n  
I I ,  q u e s tio n  17, and was as fo l lo w s ; -
o W ha t e ffe c t has th e  in t ro d u c t io n  o f C M M  te c h n o lo g y  had on y o u r  
in s p e c tio n  s ta f f  b o th  C M M  o p e ra to rs  and o th e r  in s p e c to rs ?
E a ch  q u a li ty  c o n tro l m a n a g e r was asked to  re sp o n d  to  one o r  m o re  o f 
th e  fo l lo w in g  c o n d itio n s  f o r  b o th  C M M  o p e ra to rs  and f o r  o th e r  
in s p e c to rs  -
o F e e lin g  o f in c re a s e d  s ta tu s ,
o F e e lin g  o f le s s  s ta tu s ,
o G re a te r  in te re s t  in  w o rk ,
o L e s s  in te re s t  in  w o rk ,
o No change.
R e s u lts  o f s u rv e y  -  S ta tus and job  in te re s t .  T a b le  No: 5. 9.
T h e  o v e ra l l  re s u lts  f r o m  b o th  th e  A m e r ic a n  and non A m e r ic a n  p la n ts
w as c le a r  cu t in d ic a t in g  th a t be tw een  70 and 80 p e rc e n t o f the
re sp o n se s  w e re  a w a re  o f in c re a s e d  s ta tus  am ong th e  C M M  o p e ra tiv e s
and a p p ro x im a te ly  40 p e rc e n t re sp on se  fo r  the  o th e r  in s p e c to rs  not
o p e ra tin g  c o -o rd in a te  m e a s u r in g  m a ch in e s , b u t c lo s e  enough to  know
th e  te ch n o lo g y . I t  was no ted  th a t th e re  was a lm o s t tw ic e  the  am ount
o f g re a te r  in te re s t  show n b y  non A m e r ic a n  p la n ts  to  A m e r ic a n  p la n ts ' 
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in s p e c tio n  o p e ra tiv e s  a t 15 and 28 p e rc e n t re sp o n se  re s p e c t iv e ly .  O f 
p a r t ic u la r  no te  is  th e  fa c t th a t th e  A m e r ic a n  p la n ts ' o th e r  in s p e c to rs  
showed an a lm o s t doub le  re sp on se  aga in  o v e r th e  non A m e r ic a n  
p la n ts  on th e  sam e fa c to r  o f g re a te r  in te re s t  a t 46 to  28 p e rc e n t 
re sp on se  re s p e c t iv e ly .  T h o se  in s p e c to rs  not o p e ra tin g  C M M s m a y  
te n d  to  t r y  h a rd e r  and show  g re a te r  in te re s t w ith  th e  v ie w  th a t th e y  
cou ld  g a in  p ro m o t io n  o r  in c re a s e d  s ta tu s  b y  m o v in g  onto  a m e a s u r in g  
m a ch in e . T h e  a fo re m e n tio n e d  age g ro u p in g s  show ed th a t in  A m e r ic a  
a m uch  m o re  s e n io r  in s p e c to r  tended  to  be on th e  new  te ch n o lo g y  
w h ic h  p ro b a b ly  fu r th e r  in c re a s e s  th e  e le m e n t o f s ta tu s , w h ile  b y  
c o n tra s t th e  non A m e r ic a n  p la n ts ' C M M  o p e ra tiv e s  tended  to  be 
yo u n g e r em p loyee s  and p e rh a p s  the  d e s ire  to  a c h ie v e  such a p o s it io n  
is  not so h ig h  am ong  th e  ty p ic a l non A m e r ic a n  e m p lo ye e . T h e re  was 
an a lm o s t id e n t ic a l re sp o n se  of 15 to  14 p e rc e n t b y  b o th  A m e r ic a n  
and non A m e r ic a n  p la n ts  to  th e  fa c to r  o f no change am ong  o th e r 
in s p e c to rs , in d ic a t in g  th a t som e o f th e se  in s p e c to rs  had had no 
e ffe c ts  due to  th e  in t ro d u c t io n  o f th e  new te c h n o lo g y .
C le a r ly  th is  above a n a ly s is  has an im p o r ta n t b e a r in g  on th is  re s e a rc h  
p ro je c t  because  i t  does d e m o n s tra te  th a t the  new te c h n o lo g y  had a 
m e a s u re d  e ffe c t on th o se  in s p e c to rs  who w e re  a ss ig n e d  to  o p e ra te  
th e  e q u ip m e n t. I t  was a lso  in te re s t in g  as i t  had th e  e ffe c t o f p u ll in g  
up th e  s ta tu s  o f o th e r  in s p e c to rs  in  the  g roup  not a ss ig n e d  to  new 
te c h n o lo g y .
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TABLE No:5. 9
E F F E C T  ON C M M  O P E R A TO R S  A N D  O T H E R  T A B L E  IN S P E C TO R S
E ffe c t on C M M C a te r p i l la r
O p e ra to rs M a jo r
S u rve y
U .S .
P la n ts :
O th e r
P la n ts : T O T A L :
In c re a s e d  
S e lf S tatus 50 84 71 80
L e s s  S ta tus 0 0 0 . 0
G re a te r
In te re s t 26 15 28 15
L e s s  In te re s t 0 0 0 0
No Change 23 0 0 0
100 100 100 100
E ffe c t on O th e r 
In s p e c to rs .
In c re a s e d  
S e lf S tatus 13 38 42 45
L e s s  S tatus 3 0 0 0
G re a te r
In te re s t 20 46 28 40
L e s s  In te re s t 1 0 0 0
No Change 62 15 14 15
■ 100 100 100 100
i_________________
N .B .
F ig u re s  show n a re  p e rce n ta g e  va lu e s  f r o m  s u rv e y .
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5 .9  -  O B S E R V E D  E F F E C T S  O F NEW  T E C H N O L O G Y  O N  T H E
M U L T IN A T IO N A L  P L A N T S .
T h e  o b je c tiv e  o f c h a p te r 5 was to  s tu d y  the  re s u lts  o f a f ie ld  s tu d y  on 
a m u lt in a t io n a l o rg a n is a tio n  c o n c e rn in g  the  im p a c t and p ro b le m  o f 
new m e a s u r in g  m a ch in e  te ch n o lo g y . T h e  p u rp o se  o f th is  f in a l  s e c tio n  
o f th is  c h a p te r is  to  a tte m p t to  d ra w  to g e th e r th e  f in d in g s  and re la te  
th e m  to  th e  6 m a jo r  fa c to rs  o f th e  e n te rp r is e  n a m e ly , o rg a n is a tio n  
s t ru c tu re ,  m a nag em en t, s tra te g ie s , m a ch in e  shop e n v iro n m e n t, 
c o n tro l s y s te m s  and peop le .
S im ila r  to  th e  p a tte rn  deve loped  in  ch a p te rs  3 and 4, a T a b le  No;
5 .1 0  has been  c o m p le te d  w ith  th e  fin d in g s  and w i l l  be d is c u s s e d  un de r 
each head in g  as fo llo w s
O rg a n is a tio n  S tru c tu re .
D ue to  v e r t ic a l  p re s s u re s  c re a te d  b y  th e  new m e a s u r in g  m a ch in e  
te c h n o lo g y  th e  la rg e s t  C a te r p i l la r  P la n t was fo rc e d  to  e s ta b lis h  a new 
sub d iv is io n  w ith in  th e  q u a li ty  a ssu ra n ce  g ro up . T h is  change was 
a ls o  execu ted  b y  a second A m e r ic a n  based p la n t. T h e  re m a in in g  14 
p la n ts  d id  no t change th e ir  spans o f c o n tro l n o r  add sub d iv is io n s  o r  
s e c tio n s  m a in ly  as a r e s u lt  o f g e tt in g  good b a c k -u p  s e rv ic e  f r o m  th e  
la rg e s t  p la n t.
T h e  s ta n d a rd  o rg a n is a tio n  s t ru c tu re  fo r  q u a li ty  c o n tro l is  f la t  r a th e r  
th an  t a l l ,  even w ith  the  in t ro d u c t io n  o f a d d it io n a l sub d iv is io n s  a t 2 
p la n ts , th e  s t ru c tu re  re m a in s  s h a llo w . T h e  m a x im u m  w id th  o f span 
w as 7 a t th e  to p  and v a r ie d  f r o m  7 to  16 f o r  th e  f i r s t  l in e  s u p e rv is o r .  
S tro n g  fu n c t io n a l l in e s  o f a u th o r ity  w e re  deve loped  b e tw een  the  
la rg e s t  p la n t and a l l  o th e r  C a te r p i l la r  p la n ts  bu t th e  d ir e c t  l in e s  o f 
a u th o r ity  re m a in e d  w ith in  the  l in e  m anagem ent s t ru c tu re  o f each 
p la n t. New in fo rm a t io n  f lo w  lin e s  and c o m m u n ic a tio n  sy s te m s  w e re  
deve loped  b o th  in te r  and in t ra p la n t.
M a n ag e m e n t.
D u r in g  the  e a r ly  d e ve lo p m en t o f the  new m e a s u r in g  m a ch in e  te c h n o ­
lo g y , a l l  C a te r p i l la r  m a n u fa c tu r in g  p la n ts  w o r ld w id e  w e re  encouraged  
to  p u rc h a s e  e q u ip m e n t in  o rd e r  th a t fu r th e r  im p ro v e m e n ts  in  q u a li ty  
co u ld  be re a lis e d . T h is  s u p p o rt cam e f r o m  th e  d ir e c to r  o f q u a li ty  
c o n tro l a t the  h e a d q u a rte rs  g roup  in  P e o r ia ,  I l l in o is .  See F ig u re  
No: 5 .1 .
M id d le  m anagem ent in  th e  fo rm  o f q u a lity  c o n tro l m a n a g e rs  a t each 
in d iv id u a l p la n t a ls o  gave s tro n g  s u p p o rt a lm o s t on a c o m p e t it iv e  
b a s is  in  o rd e r  not to  be le f t  b eh in d  te c h n o lo g ic a lly .  E ach  p ro je c t  had
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o f c o u rs e  to  be ju s t i f ie d  b y  a r e tu r n  on in v e s tm e n t a n a ly s is  as 
d e s c r ib e d  in  c h a p te r 3, s e c tio n  3, 9. T h e  accep tance  o f re s p o n s ­
i b i l i t y  f o r  m a k in g  th is  new eq u ipm en t o p e ra te  was found  to  v a ry  
be tw een  th e  m a n a g e r re s p o n s ib le  f o r  u s in g  th e  m e a s u r in g  m a ch in e  
and the  m a n a g e r re s p o n s ib le  fo r  p la n n in g  i ts  use and c o r re la te d  to  
th e  r e l ia b i l i t y  o f th e  e q u ip m e n t. I f  a m e a s u r in g  m a ch in e  had h ig h  
d o w n tim e  due to  e le c tro n ic  fa u lts  then  th e  u s e r m a n a g e r re v e r te d  
b a ck  to  f i r s t  p r in c ip le  m e a s u r in g  te ch n iq u e s , and ig n o re d  th e  new 
te ch n o lo g y . On th e  o th e r hand, i f  the  equ ipm en t was re l ia b le  and 
in fre q u e n t ly  out o f c o m m is s io n , th e n  the  u s e r m a n a g e r to o k  to ta l 
r e s p o n s ib il i ty .  A lm o s t a l l  o f th e  re q u e s ts  fo r  new m e a s u r in g  e q u ip ­
m e n t cam e f r o m  th e  m anagem ent m o s t c lo s e ly  a s s o c ia te d  w ith  i t .
S tra te g ie s .
E a ch  m u lt in a t io n a l p la n t w as g iv e n  o b je c tiv e s  to  m a x im is e  u t i l is a t io n  
o f the  m e a s u r in g  m a ch in e  te c h n o lo g ie s . U t i l is a t io n  w as m e a s u re d  b y  
lo a d in g  each m a ch in e  w ith  s u f f ic ie n t  p ro g ra m m e d  tapes w h ic h  co u ld  
keep i t  in  use f o r  8 -h o u r  seg m en ts . T h is  p ro c e s s  was not c o m p le te ly  
a c c u ra te  as i t  depended upon the  m a ch in e  shop p ro d u c in g  c o m ­
ponen ts in  a p a r t ic u la r  sequence. T h e re fo re  th e  m e a s u r in g  m a ch in e s  
had to  be o v e rb u rd e n e d  w ith  p ro g ra m m e d  tapes o f s e le c te d  o p e ra ­
t io n s  such th a t th e  o p e ra to r  co u ld  c a ll  upon a tape  as each c o m ­
ponen t was ru n  th ro u g h  th e  shop. T h e  d is c ip l in e  on u t i l is a t io n  then  
f e l l  on th e  in s p e c tio n  m anagem ent in  each p la n t to  e n su re  b y  
o b s e rv a tio n  th a t each m a ch in e  w as b e in g  f u l ly  u t i l is e d .
T h e  m o s t co m m o n  lo n g  te r m  p la n  re p o r te d  b y  th e  m u lt in a t io n a l p la n ts  
was co n ce rn e d  w ith  th e  s tu d y  o f in -p ro c e s s  gaug ing  w h ic h  w ou ld  be a 
te ch n o lo g y  o f the  fu tu re  w h ic h  co u ld  e v e n tu a lly  m in im is e  th e  use fo r  
c o -o rd in a te  m e a s u r in g  m a c h in e s . T h e  s tra te g y  adop ted  b y  each 
p la n t f o r  e d u ca tio n  and t r a in in g  was to  have one o r  tw o  w e e k ly  p a id  
s ta f f  go to  th e  eq u ip m e n t s u p p lie r  f o r  in i t ia l  t r a in in g .  T h e se  s ta f f  
em p loye es  w o u ld  r e tu r n  to  th e  p la n t and t r a in  o th e r  s ta f f  and o p e ra ­
t iv e s .  T h e  p u rp o se  o f the  t r a in in g  p ro g ra m m e  was to  m in im is e  th e  
le a rn in g  c u rv e  and m a x im is e  th e  e ff ic ie n t  use o f th e  e q u ip m e n t. T h e  
g ra d u a l b u ild  up o f m e a s u r in g  m a ch in e  te c h n o lo g y  saw  the  c re a t io n  of 
s m a ll te a m s  g e n e ra lly  w ith  a s ta f f  e m p loyee  as te a m  le a d e r .
M a ch in e  Shop E n v iro n m e n t.
T h e re  has been  s u b s ta n tia l g ro w th  o f m e a s u r in g  m a c h in e  q u a n tit ie s  
w ith in  th e  w o r ld w id e  o rg a n is a tio n , bu t s e le c t io n  o f equ ipm en t has 
been le f t  to  each p la n t w ith  m in im u m  in te r fe re n c e  o r  gu idance  f r o m  
th e  h e a d q u a rte rs  g ro u p . T h e  o n ly  c r i t e r ia  p la ce d  on each p la n t was 
the  need fo r  co m m o n  s o ftw a re  so th a t the  A m e r ic a n  p la n t a t E a s t 
P e o r ia  co u ld  a s s is t w ith  m a s te r  tape  p ro d u c tio n .
C o -o rd in a te  m e a s u r in g  m a ch in e s  (C M M ) w e re  re p o r te d  to  be lo c a te d  
n e a r the  p o in t o f p ro d u c tio n  i f  la rg e  com ponen ts  w e re  to  be m e a ­
s u re d  and at th e  end o f the  m a c h in in g  lin e  w h e re  s m a ll  p a r ts  w e re  to  
be m e a su re d . M o s t p la n ts  had lo c a te d  the  C M M s in  a i r  c o n tro lle d  
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ro o m s . M a in te n a n ce  had been e s ta b lis h e d  w ith  a c o n tra c t to  the  
s u p p lie r  o f th e  e q u ip m e n t, bu t som e in -h o u s e  m a in te n a n ce  was 
c a r r ie d  out b y  e le c t ro n ic  e le c t r ic ia n s .
C o n tro l S ys te m s .
R e tu rn  on in v e s tm e n t a n a lyse s  w e re  p re p a re d  b y  each p la n t f o r  a l l  
new m e a s u r in g  m a c h in e s . T h e  m a jo r  c o n tr ib u t io n  b y  the  C M M  te c h ­
n o lo g y  c la im e d  b y  a l l  p la n ts  was in c re a s e d  p ro d u c t iv ity .  U t i l is a t io n  
w as as a lre a d y  d is c u s s e d , m o re  h a ph a za rd  in  a l l  p la n ts . 2 p a r t ic u la r  
s tu d ie s  on e f f ic ie n c y  gave an a ve ra g e  o f 72 p e rc e n t im p ro v e m e n t ' 
o v e r  c o n v e n tio n a l s y s te m s .
P e o p le :
A l l  p la n ts  re p o r te d  s h if ts  in  e m p lo ym e n t m a in ly  co n ce rn e d  w ith  the  
d is p la c e m e n t o f h o u r ly  p a id  b lu e  c o l la r  c ra f t  in s p e c to rs  to  o th e r  ta s k s  
and the  in c re a s e  o f w h ite  c o l la r  w e e k ly  p a id  p la n n in g  s ta ff .
T h e  e v idence  g iv e n  in  th e  s u rv e y  in d ic a te s  th a t in s p e c tio n  o p e ra to rs  
o f C M M s have  in c re a s e d  th e ir  s k i l ls  s in ce  th e ir  a s s ig n m e n t to  the  
new  te c h n o lo g y . I t  w as show n th a t in s p e c to rs  in  th e  m u lt in a t io n a l 
o rg a n is a t io n  w ou ld  te nd  to  r e s is t  the  new te c h n o lo g y  f o r  3 m a jo r  
re a son s  n a m e ly , fe a r  o f change, p ro te c t io n  o f s ta tu s  and th e  a v o id ­
ance o f chang ing  o th e r  s y s te m s . T h e re  was no ev id e n ce  p re s e n te d  
w h ic h  w o u ld  show  th a t any re s is ta n c e  was o b se rve d  a t any o f th e  25 
p la n ts  s u rv e y e d .
T h e  m a jo r i t y  o f p la n ts  d is a g re e d  w ith  the  p ro p o s a l th a t in s p e c tio n  and 
p ro d u c tio n  ta s k s  w ou ld  o r  co u ld  be in te g ra te d  in  th e  fu tu re ,  due to  
th e  fu r th e r  advance o f m e a s u r in g  m a ch in e  te c h n o lo g y  and m a ch in e  
to o l te c h n o lo g ie s . T h e  p ro b le m s  a sso c ia te d  w ith  d e - s k i l l in g  o f 
in s p e c to rs  le a d in g  to w a rd s  job  d is s a t is fa c t io n  w as to ta l ly  re fu te d .
I t  was o b se rve d  in  m o s t p la n ts  th a t in s p e c to rs  a ss ig n e d  to  C M M s 
w e re  a w a re  o f in c re a s e d  s ta tu s  and h ig h e r  jo b  in te re s t .  T h e  
m a jo r i t y  o f th e  p la n ts  re p o r te d  th a t th e  in f lu e n c e  o f th e  in s p e c to r  
o v e r  th e  m a ch in e  to o l o p e ra to r  and th e  p ro d u c tio n  s u p e rv is o r  had 
in c re a s e d . E q u a lly  th e  p o w e r to  p e rsua d e  the  p ro d u c t io n  s u p e rv is o r  
to  fo l lo w  the  in s p e c to r 's  in s t ru c t io n s  was a ls o  in c re a s e d  in  som e 
p la n ts , w h ile  no changes w e re  noted in  o th e rs . T h e  o v e ra l l  w o rk in g  
re la t io n s h ip s  be tw een  the  c ra f t  in s p e c tio n  o p e ra to r  o f th e  C M M  and 
th e  p ro d u c tio n  s u p e rv is o r  had im p ro v e d .
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Table No: 5 .10
OBSERVED EFFECTS OF NEW TECHNOLOGY
M U L T IN A T IO N A L  M A N U F A C T U R IN G  P L A N T S  - C O -O R D IN A T E  
M E A S U R IN G  M A C H IN E S . —
F a c to r E le m e n t C hange E ffe c t
T y p e :
O rg a n is a t io n H o r iz o n ta l P re s s u re s A W id e r  Span
S tru c tu re . V e r t ic a l  P re s s u re s A In c re a s e  L e v e ls
D ir e c t  A u th o r i t y  L in e s D None
F u n c t io n a l -d o - B In te rp la n t I n c r .
In fo rm a t io n  f lo w  lin e s B In te rp la n t In c r ,
W o rk  f lo w  d is c ip l in e s D None
In fo r m a l -  F o rm a l D None . ....................
M a n a g e m e n t S u p p o r t-T o p  M a n a g e r A S tro n g
■ S u p p o r t -M id d le  M a n a g e r A S tro n g
In v o lv e m e n t D N ot O b se rve d
A c c e p ta n c e -R e s p o n s ib il i t ie s  b  ' T a s k  R e la te d
In n o v a to rs . C In c re a s in g
S tra te g ie s O b je c tiv e s A R e la te d
L o n g  T e r m  P la n s C D eve loped
E d u c a t io n -T  ra in in g C H ap h a za rd
T  eam s -T  e a m w o rk A Im p ro v in g
M a ch in e  Shop G ro w th B S u b s ta n tia l
E n v iro n m e n t, S e le c tio n B P la n t C o n tro lle d
L o c a t io n B P la n t C o n tro lle d
M a in t enance B C o n tra c t & in -h o u s e
C o n tro l S ys te m s R . O. L  C o n tr ib u t io n B H igh
U t i l is a t io n D N ot O b se rve d
E f f ic ie n c y D ..Not O b se rve d
P eop le E m p lo y m e n t S h ifts B B lu e  c o l la r  down.
S k i l ls  
R e s is ta n c e  
In te g ra t io n  
S a t is fa c t io n  
M a n n in g  
S ta tus 
In flu e n c e
B
D
A
C
B
B
B
In c re a s e d
None
R e s is te d
No Change
S e n io r ity
In c re a s e d
In c re a s e d
Change T y p e  -
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A -O n e  s tep  Change, B 
C -C o n tin u o u s  Change,
■ C um u la tive  Change. 
D - N i l  o r  N ot O b se rve d .
CONNECTING SUMMARY
o C h a p te r 5 p ro v id e d  ev idence  on the  e ffe c ts  o f new c o -o rd in a te  
m e a s u r in g  m a ch in e s  on the  m u lt in a t io n a l e n te rp r is e . D e ta ils  
w e re  g iv e n  on the  te ch n o lo g y  used and how th is  te ch n o lo g y  fo rc e d  
changes in  the  o rg a n is a tio n  s tru c tu re .  S h ifts  in  e m p lo ym e n t 
w e re  o b se rve d  and changes in  sys te m s  o f c o m m u n ic a tio n  becam e 
n e c e s s a ry . S p e c if ic  in v e s t ig a tio n  was m ade o f c e r ta in  b e h a v io u r­
a l changes am ong e m p loyees c lo s e ly .a s s o c ia te d  w ith  the  new 
m e a s u r in g  m a ch in e  te ch n o lo g y . T h e se  b e h a v io u ra l e ffe c ts  w e re  
co n ce rn e d  w ith  a tt itu d e s  o f re s is ta n c e  to  change, in te r -p e rs o n a l 
re la t io n s h ip s , d is s a t is fa c t io n  and co n ce rn  f o r  s ta tu s  and job  
in te re s t ,
o C h a p te r 6 opens the  s tu d y  to  a f ie ld  s u rv e y  o f a la rg e  n u m b e r o f 
f i r m s ,  som e u s in g  and som e not us in g  c o -o rd in a te  m e a s u r in g  
m a ch in e s . T h e  ke y  p u rp o se  o f th is  c h a p te r is  to  a tte m p t to  
d if fe re n t ia te  be tw een th e se  u s e r and n o n -u s e r  f i r m s .  A re  th e re  
p a r t ic u la r  d if fe re n c e s  be tw een  th e  o rg a n is a tio n  s tru c tu re s , 
m anagem ent a tt itu d e s , s tra te g ie s  fo r  lon g  te r m  p la n n in g  and 
o th e r  fa c to rs ?  T h e  fin d in g s  w i l l  suggest th a t th e re  a re  d i f f e r ­
ences w h ic h  m a y  fo r m  a p a tte rn  o r  m o u ld  fo r  f i r m s  w h ic h  in te nd  
d e ve lo p in g  fu r th e r  th e i r  a c t iv it ie s  in  th e  g e n e ra l f ie ld  o f new 
te c h n o lo g ie s .
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C H A P T E R  6 - New te ch n o lo g y  in  v a r io u s  m a n u fa c tu r in g  in d u s tr ie s . 
6 .1  - T H E  O B J E C T IV E  O F TH IS  C H A P T E R .
T h e  o b je c tiv e  o f c h a p te r 6 is  to  deve lop  a d d it io n a l in fo rm a t io n  and 
fu r th e r  u n d e rs ta n d in g  o f advances in  new te ch n o lo g y  in  m a n u fa c tu r in g  
in d u s try . T h e  s p e c if ic  a im s  o f th is  ch a p te r w i l l  be to  an a lyse  the  
f in d in g s  f r o m  a la rg e  s u rv e y  o f m a n u fa c tu r in g  p la n ts  in  E u ro p e  and 
A m e r ic a ,  c o m p a r in g  com pan ies u s in g  and not u s in g  new m e a s u r in g  
te ch n o lo g y  b y  e x a m in a tio n  o f the  fo l lo w in g :-
o O rg a n is a tio n  s tru c tu re s ,
o D iv is io n s  o f la b o u r,
o H ie ra rc h y  o f le v e ls  and span o f c o n tro l,
o M a n po w e r ra t io s ,
o New te c h n o lo g y  and p ro d u c tio n  type ,
o M a jo r  te c h n ic a l changes m ade in  f i r m s .
o E ffe c t  on p ro d u c tio n  s ys te m s  f ro m  m a jo r  te c h n ic a l changes, 
o D is p o s it io n  o f peop le  d is p la c e d  b y  new te ch n o lo g y ,
o R e s is ta n c e  to  new te ch n o lo g y
S u p p o rtive  m a te r ia l  is  p ro v id e d  in  the  A p pen d ices  in  te rm s  o f -
o T h e  s u rv e y  q u e s tio n n a ire , (see A p p e n d ix  T ) .
o T h e  o v e ra l l  re s u lts  f r o m  the  above q u e s tio n n a ire , (see
A p p e n d ix  R),
o M a n po w e r ra t io s  b y  b u s in e ss  a c t iv ity  and e m p loyee  s iz e , (see 
A p p e n d ix  R ),
H ig h lig h ts  o f A im s  and F in d in g s .
O rg a n is a tio n  s tru c tu re s  a re  o f p a r t ic u la r  in te re s t  to  th is  re s e a rc h  
p ro je c t  as th e  c e n tra l a rg u m e n t is  th a t these  s tru c tu re s  w i l l  be 
su b je c te d  to  som e fo rm  o f change due to  the  im p a c t o f new te ch n o lo g y . 
In  th is  s e c tio n  o f the  s tu dy , 100 o rg a n is a tio n  c h a rts  a re  s tu d ied  and 
com p are d  in  o rd e r  th a t d if fe re n c e s  o r  s im i la r i t ie s  can be e s ta b lish e d  
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be tw een  those  f i r m s  us in g  new m e a s u r in g  m a ch in e  te ch n o lo g y  and 
those  f i r m s  not u s in g  new m e a s u r in g  te ch n o lo g y . T h e  o rg a n is a tio n  
s tru c tu re s  a re  exam ined  in  som e depth to  a s c e r ta in  d iv is io n s  o f 
la b o u r , h ie ra rc h y  of le v e ls  and spans o f c o n tro l,  fo r  the  v a r io u s  
le v e ls  in  the  p y ra m id . In te r re la te d  m a npow er ra t io s  a re  com puted  
fo r  f i r m s  bo th  by  th e ir  bu s iness  a c t iv ity  and em p loyee  s iz e  c h a ra c te r ­
is t ic s .  T h is  s tu d y  is  im p o r ta n t in  o rd e r  th a t s h if ts  in  m anpow e r 
w ith in  v a r io u s  p a y ro l ls  can be a s c e rta in e d  in  re la t io n s h ip  to  the  new 
te ch n o lo g y  b e in g  used b y  the  f i r m s .  T h is  s e c tio n "o f th e  s tu d y  is  con ­
c luded  w ith  th e  a n a ly s is  o f 18 o rg a n is a tio n  c h a rts  o f f i r m s  us in g  and 
not u s in g  new m e a s u r in g  m a ch in e  te ch no log y . W o o d w a rd  in  h e r  r e ­
s e a rc h  o f o rg a n is a tio n s  and te ch n o lo g y  deve loped  c a te g o rie s  of 
p ro d u c tio n  types  found  in  v a r io u s  f i r m s  (19). T h e se  c a te g o rie s  a re  
used in  th is  re s e a rc h  s tu d y  in  o rd e r  to  a s c e r ta in  i f  th e re  is  any c o r ­
re la t io n  be tw een  p a r t ic u la r  p ro d u c tio n  types and new m e a s u r in g  
m a ch in e  te ch n o lo g y , as i t  w i l l  be show n bo th  in  th is  re s e a rc h  and in  
re la te d  p r io r  re s e a rc h , th a t f i r m s  us in g  s im i la r  te c h n ic a l m ethods 
had s im i la r  o rg a n is a tio n a l s tru c tu re s . In  th is  re s e a rc h  the  p ro d u c t­
io n  types  w i l l  be exam in ed  bo th  w ith in  p a r t ic u la r  bu s in e ss  a c t iv it ie s  
and b y  em p loyee  s iz e  g ro u p in g s .
One o f the  q u e s tio n s  fe a tu re d  in  the  q u e s tio n n a ire  o f the  f ie ld  s u rv e y  
was re la te d  to  the  ex ten t o f m a jo r  te c h n ic a l changes m ade by each 
in d iv id u a l f i r m ,  in  the  la s t  2 -y e a r  p e r io d . T h e  o b je c tiv e  o f th is  
q u e s tio n  was aga in  to  s e a rc h  out ev idence  w h ich  w ou ld  d if fe re n t ia te  
th e  u s e rs  o f new m e a s u r in g  m a ch in e  te ch n o lo g ie s  f r o m  the n o n -u s e rs . 
W as th e re  so m e th in g  d if fe re n t about f i r m s  who w e re  in n o v a tiv e  w ith  
th e ir  p ro d u c tio n  p ro ce sse s  co m p a re d  to  those  f i r m s  who d id  not 
ap pe a r to  be m a k in g  any m a jo r  te c h n ic a l changes? T h e  m a jo r  te c h ­
n ic a l changes re p o r te d  a re  b ro k e n  down in to  4 s p e c if ic  b ro a d  
ca te g o rie s  and the n  fu r th e r  a na lysed  w ith in  these  4 g roups in  an 
a tte m p t to  f in d  s p e c if ic  d if fe re n c e s  be tw een the  f i r m s .
C lo s e ly  re la te d  to  the  q u e s tio n  o f m a jo r  te c h n ic a l changes is  the 
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e x te n t to  w h ic h  the se  changes have a ffe c te d  the  s y s te m  o f p ro d u c tio n . 
T h e se  p o s s ib le  e ffe c ts  a re  c a te g o ris e d  in  5 g ro u p in g s  and d iscu sse d  
b y  f i r m s  u s in g  and not u s ing  new m e a s u r in g  m a ch in e  te ch n o lo g y , 
aga in  in  an a tte m p t to  d is c o v e r  i f  th e re  a re  any s p e c if ic  d if fe re n c e s  
be tw een th e se  f i r m s .  One o f the  m o s t d i f f ic u lt  p ro b le m s  fa c in g  
f i r m s  who w is h  to  in tro d u c e  new te ch n o lo g y  th a t has the  e ffe c t o f 
re d u c in g  m a n po w e r, is  to  so lve  th e  q u e s tio n  o f how  b e s t to  re d u ce  the  
m an p o w e r a f te r  the  te ch n o lo g y  is  in  o p e ra tio n . R e c e n tly  P ilk in g to n  
B ro th e rs  L t d . , B r i ta in ,  in tro d u c e d  a new c o m p u te r c o n tro lle d  g la ss  
c u tt in g  m a ch in e , w h ic h  w hen a sso c ia te d  w ith  o th e r  new sys te m s  o f 
p ro d u c tio n  p ro c e s s , a lm o s t im m e d ia te ly  m ade 400 peop le  red und an t. 
T h is  s tu d y  suggests  th a t th e re  a re  6 p o s s ib le  a lte rn a t iv e s  a v a ila b le  to  
f i r m s  fa c in g  th is  d ile m m a , and aga in  an a tte m p t is  m ade to  d e te r ­
m in e  i f  th e re  a re  any d if fe re n c e s  in  the  a pp roach  b y  f i r m s  u s in g  and 
tho se  not u s in g  new m e a s u r in g  m a ch in e  te c h n o lo g ie s .
T h e  q u e s tio n  c o n c e rn in g  re s is ta n c e  to  a u to m a tio n  and new te ch n o ­
lo g ie s  is  asked  in  th is  s e c tio n  o f th e  s tud y  based on the  re - in te rp re te d  
th e o r ie s  o f Jam es R . B r ig h t  (38). I t  was c o n s id e re d  th a t the  r e s ­
ponses f r o m  a la rg e  p o p u la tio n  o f f i r m s  on th is  q u e s tio n , w ou ld  p ro ­
v id e  som e in te re s t in g  co n c lu s io n s  to  the  w ho le  s u b je c t o f re s is ta n c e  
to  te c h n o lo g ic a l change in  m a n u fa c tu r in g  in d u s try .
T h e  f in a l  s e c tio n  o f th is  s tu d y  is  the  in te g ra t io n  o f th e  o b se rve d  
e ffe c ts  o f new m e a s u r in g  m a ch in e  te ch n o lo g y , as i t  is  seen b y  a la rg e  
n u m b e r of f i r m s  in  v a r io u s  b u s in e ss  a c t iv it ie s  and o f v a r io u s  
e m p loyee  s iz e  g ro up in gs  w ith in  these  f i r m s .  T h e  6 ke y  fa c to rs  o f the  
e n te rp r is e  a re  d iscu sse d  n a m e ly , o rg a n is a tio n  s tru c tu re ,  m anage­
m e n t, s tra te g ie s , m a ch in e  shop e n v iro n m e n t, c o n tro l sys te m s  and 
peop le . T h e  A p p e n d ix  m a te r ia l  c o n s is ts  o f a copy o f the  f ie ld  s u rv e y  
q u e s tio n n a ire  to g e th e r w ith  a s u m m a ry  o f the  re s u lts  ob ta ined  fo r  
each q u e s tio n . O nce aga in  a l l  o f the  in fo rm a t io n  d e r iv e d  f r o m  the 
s u rv e y  is  not used in  the te x t as i t  was c o n s id e re d  not to ta l ly  c e n tra l 
to  the  ke y  a rg u m e n t on im p a c t o f new te ch n o lo g y  on the  f i r m .
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6 .2  - ORGANISATION STRUCTURES.
T h e  o b je c tiv e  o f th is  s e c tio n  o f the  re s e a rc h  p ro je c t  is  to  ana lyse  a 
n u m b e r o f q u a li ty  c o n tro l o rg a n is a tio n  c h a rts  o f m a n u fa c tu r in g  
f i r m s  us in g  and not us in g  advanced m e a s u r in g  m a ch in e  te ch n o lo g y .
T h e  s p e c if ic  a im s  o f th is  a n a ly s is  w e re  co nce rned  w ith  a c o m p a ris o n  
o f the  fo l lo w in g :-
o D iv is io n  o f la b o u r  -  the  n u m b e r of d if fe re n t  p o s it io n  t i t le s  used 
in  each g ro u p  o f f i r m s ,
o H ie ra rc h y  o f le v e ls  and span o f c o n tro l.
o D iv is io n s  and s e c tio n s  w ith in  the  h ie ra rc h y ,
o A d m in is t ra t io n  -  in te r re la te d  ra t io s  o f m a n po w e r b y  s ize  o f
f i r m  and b u s in e ss  a c t iv ity .
T h e  a n a ly s is  o f the  100 o rg a n is a tio n  c h a rts  is  fo llo w e d  b y  a fu r th e r  
d e ta ile d  e x a m in a tio n  o f 18 q u a li ty  c o n tro l o rg a n is a tio n  c h a rts  f r o m  
f i r m s  u s in g  and not u s in g  advanced m e a s u r in g  te c h n o lo g ie s  se le c te d  
f r o m  the  100 c h a r t to ta l.  T h ese  18 c h a rts  a re  p a ire d  in  9 s p e c if ic  
se ts  in  o rd e r  th a t c o m p a ris o n s  can be m ade as re la te d  to  the 
fo l lo w in g :-
o B u s in e ss  a c t iv ity ,
o N u m b e r o f em p loyee s ,
o N u m b e r o f in s p e c tio n  em p loyee s ,
o E xpense  budgets fo r  in s p e c tio n .
T h e  p a ir in g  o f the  18 f i r m s  was done on a b a s is  o f one o f the  fo llo w in g ; 
o L ik e  b u s in e ss  a c t iv it ie s ,
o S im ila r  s iz e  o f f i r m s  (em p loyees)
o A m e r ic a n  to  B r i t is h  based f i r m s .
H ig h lig h ts :
O r ig in a l S ource  o f D a ta  -
A p p ro x im a te ly  210 o rg a n is a tio n  c h a rts  w e re  c o lle c te d  d u r in g  the 
s u rv e y  o f th e  287 f i r m s .  M any o f the  c h a rts  s u b m itte d  w ith  the
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re tu rn e d  q u e s tio n n a ire  w e re  o f in s u ff ic e n t q u a lity  to  p ro v id e  m e a ­
s u ra b le  data  and these  w e re  se t as ide  le a v in g  2 g ro u p s  o f 50 f ro m  
each o f the  2 c a te g o rie s , th a t is ,  50 f i r m s  u s in g  and 50 f i r m s  not 
u s in g  c o m p u te r -a s s is te d  m e a s u r in g  m a ch ine  te ch n o lo g y .
C od ing  o f B a s ic  D ata ;
T h e  data f r o m  these  c h a rts  was coded and th is  p ro v id e d  the  in fo r m ­
a tio n  fo r  th e  ke y  s t r u c tu r a l  v a r ia b le s  th a t fo rm  th e  c o re  o f the  
a n a ly s is  n a m e ly , d iv is io n  o f la b o u r , span o f c o n tro l,  h ie ra rc h y  o f 
le v e ls , n u m b e r o f se c tio n s  and m anpow er ra t in g .  T h e se  m a jo r  
c h a ra c te r is t ic s  have been de fined  and a re  show n in  T a b le  No: 6 .1 . 
S tru c tu ra l a t t r ib u te s  o f o rg a n is a tio n , a lthough  not n e c e s s a r i ly  o f 
q u a li ty  c o n tro l o rg a n is a tio n s , have been v a lid a te d  in  any n u m b e r o f 
w ays b y  v a r io u s  re s e a rc h e rs  and w r i t e r s  in  the l i t e r a tu r e .  F o r  th is  
re a s o n  i t  is  n e c e s s a ry  to  c le a r ly  s ta te  the d e f in it io n s  o f each 
v a r ia b le  and to  i l lu s t r a te  th e m  in  s u ff ic ie n t d e ta il so th a t c o m p a ra ­
t iv e  s tu d ie s  a re  fe a s ib le . T o  fu r th e r  a vo id  th e  im p o s it io n  of p re ­
conce ive d  n o tion s  b y  the  re s e a rc h e r  on th e  in te rp re ta t io n  o f the  
m a n y  and v a r ie d  c h a rts , a d d it io n a l data was d ra w n  f r o m  the  a c tu a l 
q u e s t io n n a ire  re s u lts ,  such as m a n pow er ra t io s  and budget va lu es  
w h ic h  p ro v e d  to  be e x tre m e ly  u s e fu l as a m e a s u re  o f th e  depth to  the  
o rg a n is a tio n  s tru c tu re .  F o r  exa m p le , a la rg e  o rg a n is a tio n  c h a rt 
s u p p o rtin g  m a n y  p o s it io n s  and peop le  cou ld  p ro v e  to  be a m e re  
v e n e e r i f  the  annua l budget was s m a ll in  re la t io n s h ip .
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TABLE No: 6.1
D E F IN IT IO N S
M A JO R  C H A R A C T E R IS T IC S :
1. P a ra m e te rs
A . S ize  -  n u m b e r o f f u l l  t im e  p e rs o n n e l in  f i r m  a t date o f 
s u rv e y .
B . B u s in e s s  a c t iv it y  -  20 d if fe r in g  b u s in e ss  typ e s .
C. F ir m s  w ith in  the  bu s in e ss  a c t iv ity :  n u m b e r o f f i r m s  us in g  
advanced in s p e c tio n  te ch n o lo g y  and f i r m s  no t u s in g  advanced 
In s p e c tio n  te ch n o lo g y . D e s c r ib e d  in  the  te x t  fo r  the  sake o f 
b re v ity  as u s e rs  and n o n -u s e rs  re s p e c t iv e ly .
2. In s tru m e n ta l C o n d itio n s
A . D iv is io n  o f la b o u r  -  n u m b e r of o f f ic ia l  job  t i t le s  used in  
f i r m  t i t le  (not co u n tin g  d if fe re n t g rades w ith in  sam e job ).
B . Shape o f the p y ra m id  -
i .  L e v e ls  - n u m b e r o f s u p e rv is o ry  s tra ta  in  f i r m s  
(e x c lu d in g  a s s is ta n ts  to  o r  a s s is ta n t s u p e rv is o r ) ,  
i i .  D iv is io n s  -  n u m b e r o f m a jo r  sub u n its  i n f i r m  w hose 
head re p o r ts  d ir e c t  to  the  m o s t s e n io r  q u a li ty  c o n tro l 
e xe cu tive .
i i i .  D ir e c t  o r  m o s t s e n io r  q u a lity  e x e c u tiv e 's  span o f con ­
t r o l  -  the  sum  o f a l l  d iv is io n  heads, c h ie f in s p e c to rs , 
s u p e rv is o rs ,  e tc .
iv .  S ec tions  p e r  d iv is io n  -  n u m b e r o f se c tio n s  in  the  f i r m  
d iv id e d  b y  n u m b e r o f d iv is io n s .
V. D iv is io n  head 's  span o f c o n tro l -  sum  o f a l l  s u p e r­
v is o r y  and non s u p e rv is o ry  p e rs o n n e l who re p o r t  to  
th e  d iv is io n  head, 
v i .  C M M  s e c tio n s  -  (u se r f i r m s  on ly ) n u m b e r o f s p e c ia l 
s e c tio n s  se t up to  house c o -o rd in a te  m e a s u r in g  m a ­
ch in e s , in d ic a tin g  c e n tra lis e d  o r  d e -c e n tra lis e d  
in s p e c tio n  s y s te m s .
3. A d m in is t ra t io n
/.
A . H o u r ly  in s p e c tio n  ra t io  -
i .  Sum o f a l l  h o u r ly  p a id  in s p e c tio n  p e rs o n n e l d iv id e d  b y  
to ta l p e rs o n n e l in  f i r m ,
i i .  Same but fo r  d ir e c t  h o u r ly  em p lo ye e s .
B . W e e k ly  in s p e c tio n  r a t io  -  sum  o f a l l  w e e k ly  p a id  in s p e c tio n  
p e rs o n n e l d iv id e d  by  to ta l p e rs o n n e l in  f i r m s .
C. M o n th ly  in s p e c tio n  r a t io  - sum  o f a l l  m o n th ly  p a id  in s p e c t­
io n  p e rs o n n e l d iv id e d  by  to ta l p e rso n n e l.
D . A n n u a l budget fo r  in s p e c tio n  as a r a t io  o f to ta l in s p e c tio n  -
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i .  e. budget p e r  head o f in s p e c tio n  p e rs o n n e l, a lso  budget 
p e r  head o f to ta l p e rs o n n e l in  f i r m .
D iv is io n  o f L a b o u r:
T h e  re s e a rc h  found  a to ta l o f 33 d if fe re n t p o s it io n  t i t le s  con ta ined  in  
th e  100 o rg a n is a tio n  c h a rts  exam ined  ra n g in g  f r o m  the  m o s t s e n io r  
e xe cu tive  o f q u a lity  c o n tro l down to  the  la s t le v e l o f s u p e rv is io n , 
th is  d id  not in c lu d e  s im i la r  t i t le s  w ith in  g ra d e s . T o  s im p li fy . th is  
e x e rc is e  w ith o u t d e tr im e n t to  the  a c c u ra c y  o f th e  re s u lts ,  these  
p o s it io n  t i t le s  w e re  re -g ro u p e d  w h e re  n e c e s s a ry  in to  a to ta l o f 14 
types  as fo l lo w s : -
T A B L E  No: 6. 2
A s  R e -T it le d  b y  R e s e a rc h e r:
1. M a n a g e r o f q u a lity  
c o n tro l.
2. A s s is ta n t q u a lity  
c o n tro l m a n ag e r.
3. C h ie f In s p e c to r .
4. A s s is ta n t c h ie f 
in s p e c to r .
5. T e c h n ic a l m a n a g e r
6. S u p e rin te n d en t o f 
in s p e c tio n .
7. F o re m a n  in s p e c to r
8. A s s is ta n t fo re m a n
A s  ta ke n  f r o m  C h a rts :
V ic e  p re s id e n t fo r  q u a lity .  
In s p e c tio n  m a n a g e r 
D ir e c to r  o f q u a lity  c o n tro l 
O f f ic e r  in  ch a rg e  of q u a lity  
c o n tro l.
A s s is ta n t to  
A s s is ta n t o f 
D epu ty  to
C h ie f q u a lity  in s p e c to r  
S e n io r in s p e c to r
A s s is ta n t c h ie f in s p e c to r
T e c h n ic a l d ir e c to r .  
S u p e rin tend en t o f in s p e c tio n .
S u p e rv is o r  o f in s p e c to rs  
C hargehand  o f in s p e c to rs
A s s is ta n t s u p e rv is o r  o f 
in s p e c to rs .
A s s is ta n t fo re m a n  o f 
in s p e c to rs .
A s s is ta n t cha rgehand  of 
in s p e c to rs .
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9. Q u a lity  e n g in e e r. Q u a lity  d e s ig n  e n g in e e r.
P ro d u c t q u a li ty  e n g in e e r.
R e l ia b i l i t y  e n g in e e r.
C o -o rd in a to r  o f q u a lity .
Q u a lity  p la n n e r.
10. D o cu m e n ta tio n  Q u a lity  s ta t is t ic ia n
c -o rd in a to r .  S e n io r c o n t ro l le r
11. H ead o f L a b o ra to ry .  C h ie f m e ta l lu rg is t .
C h ie f c h e m is t.
C h ie f ra d io lo g is t .
Non d e s tru c t iv e  te s t s u p e rv is o r .
12. T e s t m a n ag e r. T e s t m a n ag e r.
13. R e l ia b i l i t y  m a n a g e r. S a fe ty  m a n ag e r.
14. Q u a lity  a s s u ra n ce  Q u a lity  a u d it,
m a n a g e r. T e c h n ic a l a u d it.
S u p p lie r  -  v e n d e r q u a li ty  co ­
o rd in a to r .
Gauge c o n t ro l le r .
N u m b e r o f H ie ra rc h a l L e v e ls :
T he  concep t o f s u p e rv is o ry  o r  h ie ra r c h ia l le v e ls  re fe r s  to  the  s tra ta  
in  an o rg a n is a tio n a l p y ra m id  and d e r iv e s  f r o m  p r in c ip le s  s ta ted  by  
W e b e r (51) "T h e  p r in c ip le s  o f o ff ic e  h ie ra rc h y  and o f le v e ls  o f 
g ra ded  a u th o r ity  m ean a f i r m ly  o rd e re d  s y s te m  o f su p e r and su b ­
o rd in a t io n  in  w h ic h  th e re  is  a s u p e rv is io n  o f th e  lo w e r  o ff ic e s  b y  th e  
h ig h e r  ones. F a y o l c a lle d  i t  the  s c a le r  ch a in  p r in c ip le  (52). T h e  
n u m b e r o f le v e ls  o f a u th o r ity  re fe rs  to  l in k s  in  the  ch a in  o f com m and , 
no t to  s k i l l  g ra d u a tio n s  o r  s a la ry  g ra de s . In  th is  a n a ly s is  the  s h o r t­
es t, lo n g e s t and m ean ch a in  o f com m and w as m e a s u re d  fo r  each 
f i r m .  T h e  to p m o s t le v e l was a lw ays  the  m o s t s e n io r  q u a li ty  p e rs o n  
b e fo re  he re p o r te d  to  a h ig h e r  le v e l such as a g e n e ra l m a n ag e r o r  
m anag ing  d ir e c to r .  I t  shou ld  be noted th a t a s s is ta n ts  o r  depu ties  
w e re  not counted  as le v e ls  o f com m and.
Span o f C o n tro l
T he  "sp a n  o f c o n tro l"  is  d e fined  as the  n u m b e r of s u b o rd in a te s  who
re p o r t  to  an in d iv id u a l m a n a g e r o r  s u p e rv is o r . T h e re  a re  2 
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m e a su re s  o f "s p a n  of c o n tro l"  used in  the  a n a ly s is . One co ve rs  the  
m a n a g e r o f q u a lity  c o n tro l (the  m o s t s e n io r  p e rso n ) and th e  second 
co ve rs  th e  a ve ra g e  span o f c o n tro l o f a d iv is io n . A  d iv is io n  in  th is  
s tu d y  is  any m a jo r  s u b -u n it w h ic h  is  a f i r s t  o rd e r  o f h o r iz o n ta l 
s t ru c tu re  d if fe re n t ia t io n  in  the  o rg a n is a tio n , th a t is ,  the  s e n io r  
p e rs o n  in  th e  d iv is io n  re p o r ts  d ir e c t ly  to  the  m a n a g e r o f q u a lity  con ­
t r o l .  A  d iv is io n  in  th is  re s e a rc h  cou ld  m ean the  m e ta l lu rg ic a l 
la b o ra to ry ,  q u a l i ty  a ssu ra n ce  o r  p ro d u c t r e l ia b i l i t y .  T h e  span o f 
c o n tro l o f the  lo w e s t o rd e r  in  th e  h ie ra r c h ic a l s t ru c tu re  n a m e ly , the  
fo re m a n  o f in s p e c to rs , has not been m e a s u re d  w ith  th e  e xce p tio n  o f 
co u n tin g  th e  n u m b e r o f se c tio n s  con ta ined  in  each d iv is io n  (m ost 
se c tio n s  a re  s u p e rv is e d  b y  one fo re m a n ).
N u m b e r o f D iv is io n s  and S ec tions ;
T h e  d iv is io n  p re v io u s ly  de fine d  as a m a jo r  s u b -u n it re p o r t in g  to  the  
m o s t s e n io r  q u a lity  p e rs o n , can c o n s is t o f 2 o r  m o re  p e rson s  such 
as q u a lity  e n g in e e rs  re p o r t in g  to  a q u a lity  a ssu ra n ce  m a n a g e r, who 
in  essence is  th e  d iv is io n  head. T h e  s e c tio n  then  is  d e fine d  as a sub ­
u n it o f a d iv is io n  w hose c h ie f re p o r ts  to  the  head o f th e  d iv is io n . T he  
s e c tio n  co u ld  be c o n tro lle d  b y  a fo re m a n  o r  any one o f the  a fo re ­
m e n tio n e d  e q u iva le n t o f the  fo re m a n  o r  i t  co u ld  c o n s is t o f p ro fe s s io n ­
a l " s ta f f "  m en  such as q u a li ty  e n g in e e rs , s e rv ic e  c h e m is ts  and 
m e ta l lu rg is ts .
A d m in is tra t io n - In s p e c t io n  and o th e r m a n po w e r r a t io s :
5 se p a ra te  ra t io s  a re  c a lc u la te d  and ana lysed  n a m e ly , the  h o u r ly  
p a id  in s p e c tio n  as a r a t io  to  the  to ta l  h o u r ly  p e rs o n n e l in  each f i r m ;  
the  h o u r ly  p a id  in s p e c to rs  to  the  to ta l d ir e c t  p ro d u c tio n  em p loyee ; 
th e  w e e k ly  p a id  in s p e c to r  as a ra t io  o f to ta l h o u r ly  p e rs o n n e l; the  
m o n th ly  p a id  in s p e c tio n  s ta f f  as a ra t io  o f to ta l  p e rs o n n e l in  th e  f i r m  
and f in a l ly ,  th e  to ta l in s p e c tio n  p e rs o n n e l a l l  p a y ro l ls ,  as a ra t io  o f 
to ta l p e rs o n n e l. E ach  o f these  ra t io s  p ro v id e  a v e r y  a c c u ra te  b a ro ­
m e te r  o f th e  am p ha s is  g ive n  to  in s p e c tio n  in  any p a r t ic u la r  f i r m .
T he  ra t io s  o b v io u s ly  have even g re a te r  m ea n in g  w hen exam ined  
/ ____ -2 7 8 -
w ith in  s im i la r  b u s in e ss  a c t iv it ie s  and a lso  c o m p a ra tiv e  s ize s  o f 
em p loyee  f i r m s .
A n a ly s is  o f 18 Q u a lity  C o n tro l O rg a n is a tio n  C h a rts .
9 p a ire d  o rg a n is a tio n  s tru c tu re s  a re  exam ined  in  d e ta il to  seek 
fu r th e r  in fo rm a t io n  on the  a fo re m e n tio n e d  s t r u c tu r a l  v a r ia b le s  and 
to  d e te rm in e  i f  any p a tte rn s  have deve loped  w ith  re s p e c t to  th e  shape 
o f p y ra m id s , f o r  u s e r o r  n o n -u s e r f i r m s  o f advanced m e a s u r in g  
te ch n o lo g y . T h e  fo llo w in g  aspects  a re  exam ined  in  p a r t ic u la r  -
o W hat causes th e  shape o f th e  p y ra m id  - th e  need o f th e  f i r m  o r
t r a d i t io n a l e v o lu tio n  o f q u a lity  c o n tro l as a k e y  fu n c tio n ?
o D o d if fe re n c e s  e x is t w ith  l ik e  and u n lik e  b u s in e ss  a c t iv it ie s  o r
em p loyee  s iz e  g roups f o r  p o s it io n  t i t le s ,  h ie r a r c h ic a l  le v e ls  o r  
span o f c o n tro l?
o Is  th e re  any c o r re la t io n  be tw een  the  n u m b e r o f in s p e c to rs  in
each f i r m  and th e  annua l budget f o r  in sp e c tio n ?
o H ave u s e rs  o f advanced m e a s u r in g  m a ch in e s  g e n e ra lly  in c re a s e d  
o r  re d uce d  th e ir  la b o u r  fo rc e  in  c o m p a ris o n  w ith  n o n -u s e r 
f i rm s ?
A p p ro a c h  to  the  a n a ly s is  o f 100 q u a lity  c o n tro l o rg a n is a tio n  c h a rts .
4 g e n e ra l app roa ch es  w e re  deve loped  -
1. A  to ta l  re v ie w  o f a l l  50 f i r m s  in  each c a te g o ry  to  e va lua te  28 
s p e c if ic  c h a ra c te r is t ic s  about the  o rg a n is a tio n  s tru c tu re .  See 
T a b le  No; 6. 3.
2. A  re v ie w  w ith  th e  above data o rg a n ise d  in  em p lo ye e  s iz e  g ro u p ­
in g s . (see A p p e n d ix  R, in d e x  B ).
3. A  re v ie w  w ith  th e  above data o rg a n ise d  in  20 b u s in e ss  a c t iv ity  
g ro u p in g s , (see A p p e n d ix  R, ind ex  C).
4. A  re v ie w  o f A m e r ic a n  based f i r m s  in  c o m p a r is o n  w ith  B r i t is h ,  
based f i r m s ,  (see A p p e n d ix  R, ind e x  E ).
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TABLE No; 6. 3
S P E C IF IC  C H A R A C T E R IS T IC S  E V A L U A T E D  IN  T H E  A N A L Y S IS  O F 
Q U A L IT Y  C O N T R O L O R G A N IS A T IO N  C H AR TS,
1. B u s in e ss  A c t iv i t y  o r  E m p lo ye e  S ize.
2. E m p lo y e e  S ize .
3. N u m b e r o f P o s it io n  T i t le s ,
4. N u m b e r o f L e v e ls ,
5. D ir e c to r  Span o f C o n tro l.
6. N u m b e r o f D iv is io n s .
7. D iv is io n  Span o f C o n tro l.
8. N u m b e r o f S ec tions .
9. N u m b e r o f C M M  S ec ions.
10. M a n a g e r Q . C.
11. A s s is ta n t Q u a lity  C o n tro l M a n ag e r.
12. C h ie f In s p e c to r .
13. A s s is ta n t C h ie f.
14. T e c h n ic a l M a n ag e r
15. S up e rin te n d en t
16. F o re m a n
17. A s s is ta n t F o re m a n .
18. Q u a lity  E n g in e e r.
19. C o -o rd in a to r .
20. H ead o f L a b o ra to ry .
21. T e s t M a n a g e r
22. R e l ia b i l i t y  M a n a g e r.
23. Q u a lity  A s s u ra n c e  M a n a g e r.
24. R a tio  H o u r ly  In s p e c to r  to  to ta l h o u r ly ,
25. R a tio  H o u r ly  In s p e c to r  to  to ta l d ir e c t  p ro d u c tio n .
26. R a tio  W e e k ly  In s p e c to r  to  to ta l p e rs o n n e l.
27. R a tio  M o n th ly  In s p e c to r  to  to ta l p e rs o n n e l.
28 R a tio  a l l  in s p e c tio n  to  to ta l p e rso n n e l.
D e ta ils  o f each ite m  shown above a re  g ive n  in  A p p e n d ix  R.
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6.3  - DIVISION OF LABOUR: POSITION TITLES.
In tro d u c t io n .
A n  a n a ly s is  o f th e  d iv is io n  o f la b o u r  was im p o r ta n t to  th is  re s e a rc h  
in  o rd e r  th a t in fo rm a t io n  w ou ld  be ga ined w ith  re s p e c t to  d if fe re n c e s  
and s im i la r i t ie s  be tw een the  o rg a n is a tio n  p a tte rn s  o f one g ro up  of 
f i r m s  to  a n o th e r. A n  in -d e p th  a n a ly s is  was m ade on a l l  p o s it io n  
t i t le s  to  the  d e g re e  th a t th is  was b ro k e n  down in to  14 p o s s ib le  t i t le s  
know n to  th e  re s e a rc h e r  to  be used c o m m o n ly  in  q u a li ty  c o n tro l and 
in s p e c tio n  o rg a n is a tio n s , b o th  in  B r i ta in  and A m e r ic a ,  (see T a b le  
N o;6 . 2, page 283). One o f th e  m o s t in te re s t in g  aspec ts  o f th is  
p a r t ic u la r  p a r t  o f the  re s e a rc h  was to  exam ine  the  p o s it io n  t i t le s  used 
in  d if fe re n t  b u s in e ss  a c t iv i t y  g ro up in gs  and then  to  m ake  the  sam e 
e x a m in a tio n  o f th a t used in  A m e r ic a n  f i r m s  in  c o m p a ris o n  w ith  
B r i t is h  f i r m s .  T h is  re s e a rc h  shows th a t the  a ve rag e  A m e r ic a n  f i r m  
has fe w e r p o s it io n  t i t le s  than  its  B r i t is h  c o u n te rp a r t and A m e r ic a n  
f i r m s  tend  to  a vo id  th e  use o f p o s it io n  t i t le s  such as a s s is ta n ts  e ith e r  
" to "  o r  "o f"-  w h ic h  w e re  c o m m o n ly  used in  B r i t is h  o rg a n is a tio n  
s tru c tu re s  in  p a r t ic u la r  the  a e rospa ce , de fence and m o to r  in d u s tr ie s .
N u m b e r o f P o s it io n  T i t le s  -  E m p lo ye e  S ize G roups.
I t  is  o b se rve d  as show n in  F ig u re  No; 6 .1  and A p p e n d ix  R - Inde x  A  
th a t the  la r g e r  the  f i r m ,  the  m o re  p ronounced  is  the  d iv is io n  of 
la b o u r  w ith in  i t .  T he  c o r re la t io n  be tw een s iz e  and n u m b e r o f 
p o s it io n  t i t le s  show s th a t b o th  u s e r and n o n -u s e r typ e  f i r m s  expand in  
p o s it io n  t i t le s  as s iz e  in c re a s e s  bu t tend  to  ta p e r  o ff som ew hat as the 
f i r m s  re a c h  2000 and o v e r. T h is  fa c to r  is  fu r th e r  v a lid a te d  in  F ig u re  
No; 6. 2 w h ic h  i l lu s t r a te s  a s c a tte rg ra m  w ith  a c u rv e  r a th e r  than  a 
s tra ig h t l in e . T h e  p a tte rn  o b se rve d  im p lie s  th a t in c re a s in g  f i r m  s ize  
fo s te rs  o c c u p a tio n a l d if fe re n t ia t io n s  in  the q u a lity  c o n tro l fu n c tio n  at 
a d e c lin in g  ra te . In  o th e r  w o rd s , the  im p a c t o f s iz e  on the  d iv is io n  
o f la b o u r d e c lin e s  w ith  in c re a s in g  s iz e . A lth o u g h  F ig u re  No; 6. 2 
shows b o th  u s e r and n o n -u s e r f i r m s  fo llo w in g  s im i la r  c u rv a tu re s , i t
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is  in te re s t in g  to  note  th a t the  n o n -u s e r g roup  expand m o re  ra p id ly  
and d e c lin e  m o re  ra p id ly  as s iz e  in c re a s e s  than  th a t show n fo r  the  
u s e r g roup .
N u m b e r o f P o s it io n  T i t le s  b y  B u s in e ss  A c t iv i ty ,
A s a  fu r th e r  p a r t  o f the  re s e a rc h , the  n u m b e r of p o s it io n  t i t le s  b y  
b u s in e ss  a c t iv i t y  was com puted fo r  each o f the  20 d if fe re n t  a c t iv it ie s  
and ag a in  th is  was c a lc u la te d  fo r  b o th  u s e r and n o n -u s e r  f i r m s .  
F ig u re  No: 6. 3 and A p p e n d ix  R. Index  C /D  in d ic a te s  th a t p o s it io n  
t i t le s  a re  m u ch  m o re  num ero u s  in  the  fo llo w in g  b u s in e ss  a c t iv it ie s  
n a m e ly , a i r c r a f t ,  m a c h in in g , t r a c to r / t r u c k  and c a s tin g s . T h ese  
va lu e s  a re  not re p ea te d  fo r  n o n -u s e r f i r m s  in  the  sam e b u s ine ss  
a c t iv i t y  and indeed  the  n o n -u s e r f i r m s  n e v e r exceed 6 and have a 
m ean v a lu e  o f o n ly  3. 8 p o s it io n  t i t le s  f o r  a l l  20 b u s in e ss  a c t iv it ie s  
a g a in s t a 6 .3  v a lu e  fo r  u s e r f i r m s .  D ata  was a v a ila b le  on 40 
A m e r ic a n  f i r m s  in  10 o f th e  14 bu s in e ss  a c t iv it ie s  u s in g  advanced 
m e a s u r in g  equ ipm en t. T h e se  f ig u re s  tend  to  v a lid a te  w ith  the  to ta l 
u s e rs  as th e  re s u lts  c o r re la te  on th e  m ean va lue s  o v e ra l l ,  w ith  the  
e xce p tio n  o f e le c tro n ic s ,  w h ich  is  le s s  than  h a lf  the  va lu e  shown fo r  
u s e r f i r m s ,  (see A p p e n d ix  R, Index  E ).
S p e c if ic  P o s it io n  T i t le s  b y  B u s in e ss  A c t iv i t y .
T h e  above c a lc u la t io n s  a re  based on a l l  p o s it io n  t i t le s  found  in  each 
q u a lity  c o n tro l o rg a n is a tio n  s tru c tu re  o f the  lOO f i r m s  re v ie w e d . A  
to ta l  o f 33 d if fe re n t  job  t i t le s  w e re  found be tw een a l l  f i r m s  and th e y  
w e re  fu r th e r  re d u ce d  to  14 typ e s  encom p ass ing  th e  33 as d e s c r ib e d  
p re v io u s ly . F ig u re  No: 6. 4 now in d ic a te s  the  re la t io n s h ip  be tw een 
each p o s it io n  t i t le  fo r  u s e r and n o n -u s e r f i r m s .  T h is  re la t io n s h ip  
is  a lso  show n n u m e r ic a lly  in  A p p e n d ix  R, Index  C /D . T he  re s u lts  in  
a l l  3 f ig u re s  p ro v e  v e ry  in te re s t in g  as th e y  in d ic a te  a p a tte rn  w h ich  
cou ld  be d e s c r ib e d  as a p o s s ib le  m o d e l fo r  d if fe re n t  concepts of 
q u a lity  c o n tro l o rg a n is a tio n . T he  f i r s t  p o s it io n  t i t le ,  th a t o f q u a lity  
c o n tro l m a n ag e r, v a lid a te s  i t s e l f  b y  h a v in g  a lm o s t equa l p a r ity  
be tw een  u s e r and n o n -u s e r.
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S im ila r  P o s it io n  T i t le s  in  a l l  F i r m s .
T h e  fo llo w in g  o th e r  p o s it io n  t i t le s  have n e a r p a r i t y  be tw een  u s e r and 
n o n -u s e r f i r m s ;  a s s is ta n t m a n a g e r o f q u a lity  c o n tro l,  te c h n ic a l 
m a n a g e r, a s s is ta n t fo re m a n  and te s t m a n ag e r; and these  p o s it io n s  
w i l l  not be d is c u s s e d  at th is  p o in t, (see A p p e n d ix  R, Ind e x  C /D ) ,
P o s it io n  T i t le s  m o re  n u m e ro u s  in  u s e r f i r m s .
T h e  fo llo w in g  p o s it io n  t i t le s  a re  m o re  n um ero u s  in  th e  u s e r g roup ; 
q u a li ty  e n g in e e r, q u a li ty  c o -o rd in a to r ,  head o f la b o ra to ry ,  r e l ia b i l i t y  
m a n a g e r and q u a li ty  a ss u ra n c e  m a n a g e r, (see A p p e n d ix  R , In dex  C). 
T h e  re a so n s  w hy  th e se  p o s it io n  t i t le s  a re  m o re  p o p u la r  w ith  u s e r 
f i r m s  a re  as fo l lo w s :-
Q u a lity  E n g in e e r ;
T h e  q u a li ty  e n g in e e r was d e fin e d  in  T a b le  No: 6 ,2  as any one o f the  
fo llo w in g ; q u a li ty  d e s ig n  e n g in e e r, p ro d u c t q u a li ty  e n g in e e r, 
r e l ia b i l i t y  e n g in e e r, c o -o rd in a to r  o f q u a lity ,  q u a li ty  p la n n e r. T h e  
p o s it io n  d e s c r ip t io n  is  v e ry  m uch  o r ie n ta te d  to w a rd s  p re v e n tio n  of 
q u a lity  p ro b le m s  b y  im p ro v e d  des ig n , in c re a s e d  r e l ia b i l i t y ,  b e tte r  
c o -o rd in a t io n  and advanced p la n n in g  fo r  q u a lity  p ro d u c tio n . T he  con ­
cept o f q u a lity  e n g in e e r o r ig in a l ly  e vo lve d  in  the  1940 to  1950 e ra  o f 
q u a li ty  s ta t is t ic ia n s  to  a n a lyse  data and p ro v id e  l in e  m anagem ent w ith  
d e c is io n -m a k in g  in fo rm a t io n  (see J u ra n  E v o lu t io n  o f Q u a lity  C o n tro l) .  
T h e  re a s o n  w hy  th is  p o s it io n  is  m o re  p o p u la r w ith  th e  u s e r  f i r m s  is  
re la te d  to  m a x im is in g  th e  r e tu r n  on the  a sse t o f th e  c o -o rd in a te  
m e a s u r in g  m a ch in e  (53),
Q u a lity  C o -o rd in a to r :
T h is  p o s it io n  c o v e rs  a c t iv it ie s  a sso c ia te d  w ith  d o cu m e n ta tio n , 
s ta t is t ic s  and c o n tro l o f re s u lts .  I t  is  m o re  o ff ic e -b a s e d  than  the  
q u a li ty  e n g in e e r and is  co n ce rn e d  w ith  id e n t ify in g  tre n d s  w ith  t o le r ­
ances w ith in  s p e c if ic a t io n s . I t  is  p o p u la r w ith  the  u s e r f r o m  the  
a spec t o f kn o w in g  w ha t th e  re s u lts  f r o m  the  m e a s u r in g  m a ch in e s  a re  
h ig h lig h t in g , in  o rd e r  th a t c o r re c t iv e  a c tio n  can be taken . T he  
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im p a c t o f advanced m e a s u r in g  te c h n o lo g y  on a f i r m  w ou ld  r e s u lt  in  
an in c re a s e  on b o th  the se  above a c t iv it ie s  and the  re s u lts  shown in  
F ig u re  No: 6. 4 tend  to  v a lid a te  th is  a rg u m e n t.
Head o f L a b o ra to ry :
T h is  p o s it io n  w as d e s c r ib e d  in  T a b le  No: 6. 2 as c o v e r in g  - c h ie f 
m e ta l lu rg is t ,  c h ie f c h e m is t, c h ie f ra d io lo g is t ,  non d e s tru c t iv e  te s t 
s u p e rv is o r .  T h e  re a so n s  w hy  the  p o s it io n  shou ld  be found  m o re  
p o p u la r  w ith  th e  u s e r  f i r m s  is  aga in  re la te d  to  the  c o n c e rn  f o r  p re v e n ­
t io n  o f q u a li ty  p ro b le m s  in  m a te r ia l  p r io r  to  th e  m a c h in in g  o p e ra tio n s .
R e l ia b i l i t y  and Q u a lity  A s s u ra n c e  M a n a g e r.
B o th  th e  above p o s it io n s  te n d  to  be synonym ous w ith  f i r m s  o f h ig h  
re p u t a tio n s  f o r  p ro d u c t q u a lity .  R o lls  R oyce f o r  e xa m p le , d e s c r ib e  
a l l  th e ir  m o s t s e n io r  q u a li ty  m a n a g e rs  as q u a li ty  a ss u ra n c e  m a n a g e rs . 
B o e in g  A e ro s p a c e  in  A m e r ic a  nam e th e ir  s e n io r  q u a l i ty  m a n a g e rs  as 
r e l ia b i l i t y  m a n a g e rs . T h e  em p has is  g ive n  in  th e se  w o rd s  is  aga in  
d ir e c t ly  re la te d  to  th e  p ro d u c t and p ro v id in g  the  o n lo o k e r w ith  a 
co n fide n ce  in  th a t f i r m .  F ir m s  who in v e s t in  expen s ive  m e a s u r in g  
m a ch in e  te ch n o lo g y  m a y  w ant to  p ro je c t  a s tro n g e r  im a g e  o f q u a li ty  
than  the  f i r m s  who do not in v e s t in  these  m a ch in e s .
P o s it io n  T i t le s  m o re  n u m ero u s  in  n o n -u s e r f i r m s .
T h e  p o s it io n  t i t le s  w h ic h  a re  m o re  n u m ero u s  in  the  n o n -u s e r  f i r m s  
a re  as fo llo w s ; c h ie f in s p e c to r ,  a s s is ta n t c h ie f in s p e c to r ,  s u p e r­
in te n d e n t o f in s p e c tio n , fo re m a n , (see A p p e n d ix  R, In d e x  D ). T h e  
m a jo r  re a so n s  w hy  these  p a r t ic u la r  p o s it io n  t i t le s  a re  found  m o re  
p o p u la r w ith  n o n -u s e r  f i r m s  is  d is cu sse d  as fo llo w s :
C h ie f In s p e c to r  and A s s is ta n t C h ie f In s p e c to r .
T h e  t i t le  o f c h ie f in s p e c to r  is  p ro b a b ly  one o f the  o ld e s t d e s c r ip t io n s  
g ive n  to  a q u a li ty  c o n tro l fu n c tio n . I t  is  c o m m o n ly  used am ong s h ip ­
b u ild in g  and v e r y  he avy  e n g in e e rin g  f i r m s .  T h is  re s e a rc h  has no ted  
th a t f i r m s  in  b u s in e ss  a c t iv it ie s  not us in g  advanced m e a s u r in g  
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m a ch in e s  use the  t i t l e  c h ie f in s p e c to r  m o re  th a n  the  u s e r f i r m s .  I t  
was o b se rve d  th a t n o n -u s e r f i r m s  w ith  som e c o n n e c tio n  to  the  
m i l i t a r y  m ade use o f the  c h ie f in s p e c to r  t i t le ,  th is  w as noted in  
de fence b u s in e ss  a c t iv i t y  f i r m s .  I t  was a lso  no ted  in  som e o f the  
u s e r  f i r m s  such  as B r i t i s h  A e ro s p a c e , but aga in  i t  was co n s id e re d  
th a t th is  had som e re la t io n s h ip  to  the  m i l i t a r y .
S u p e rin te n d e n t o f In s p e c tio n .
I t  was o b se rve d  th a t th is  p o s it io n  t i t l e  was used in  n o n -u s e r  f i r m s  
e s p e c ia lly  w h e re  th e  sam e t i t l e  was used fo r  o th e r  fu n c tio n s  w ith in  
th e  f i r m .  F o r  e xa m p le , s u p e rin te n d e n t o f m a n u fa c tu r in g , s u p e r­
in te n d e n t o f m a in te n a n ce  and so on. T h e  concep t adopted  b y  the  non­
u s e r f i r m s  ap pe a rs  to  be one o f e s ta b lis h in g  a c o m m o n a lity  o f t i t le s  
am ong p e e r g ro u p s  ra th e r  th a n  id e n t ify in g  any p a r t ic u la r  q u a li ty  
e m p h a s is .
F o re m a n  o f In s p e c to rs .
T h e  fa c t th a t n o n -u s e r  g ro ups  have a m uch  g re a te r  n u m b e r o f f o r e ­
m en  o f in s p e c tio n  p o s it io n  t i t l e  suggests  th a t m o re  s u p e rv is io n  is  
re q u ire d  on co n v e n tio n a l typ e  in s p e c tio n  e q u ip m e n t and te c h n o lo g y  
th a n  w o u ld  be n e c e s s a ry  on advanced in s p e c tio n  m a c h in e s , w h ich  a re  
p ro g ra m m e d  to  s u p e rv is e  th e m s e lv e s  to  som e d e g re e . T h e  
in te ll ig e n c e  le v e l o f the  in s p e c to r  o p e ra to r  tends to  m ove  h im  f ro m  
th e  ty p ic a l  m a n u a l r o le  to  one o f "kn o w le d g e  w o r k e r " .  T h is  suggests  
th a t u s e r ty p e  o rg a n is a tio n s  w i l l  tend  to w a rd s  fe w e r  p e rs o n n e l in  
to ta l w ith in  in s p e c tio n  due to  the  advent o f advanced in s p e c tio n  te c h ­
no logy ; thus  som e im p a c t is  b e in g  re f le c te d  b y  fe w e r  peop le  be in g  
re q u ire d  to  a c c o m p lis h  s p e c if ic  in s p e c tio n  ta sks  in  c o n tra s t to  the  
n o n -u s e r f i r m s  who c u r r e n t ly  se t up hum an  b a r r ie r s  o f in s p e c tio n  as 
opposed to  te c h n o lo g ic a l h a rd w a re . C ost b e n e fits  can be ach ieved  
w ith  lo w e r  p a id  u n s k il le d  in s p e c tio n  la b o u r a g a in s t expens ive  h ig h ly  
s k i l le d  in s p e c tio n  la b o u r re q u ire d  to  o p e ra te  and s o m e tim e s  p ro ­
g ra m m e  the  advanced m e a s u r in g  m a ch in e s .
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6 .4  - H IE R A R C H Y  O F  M A N A G E R IA L  L E V E L S  A N D  S P A N  O F 
C O N T R O L  W IT H IN  Q U A L IT Y  C O N TR O L O R G A N IS A T IO N  
S TR U C T U R E S  USING A N D  NO T USING A D V A N C E D  
M E A S U R IN G  T E C H N O L O G Y .
T h e  la r g e r  th e  s iz e  o f f i r m  the  g re a te r  the  te n d e n cy  to  g e n e ra te  h ie r ­
a rc h ic a l d if fe re n t ia t io n s  o f a u th o r ity  in to  m a n y  m a n a g e r ia l le v e ls . 
T h e re  a p pe a rs  to  be a c o r re la t io n  be tw een  s iz e  o f f i r m  in  te rm s  of 
e m p lo ye e s  and th e  m a x im u m  n u m b e r o f h ie r a r c h ic a l  le v e ls  in  any 
one f i r m .
N u m b e rs  o f le v e ls  o f com m and  b y  e m p loyee  s iz e .
F ig u re  N o: 6. 5 and A p p e n d ix  R i l lu s t r a te  th e  re la t io n s h ip  be tw een  
n u m b e r o f le v e ls  o f com m and  b y  em p lo ye e  s iz e  g ro u p in g s . I t  shows 
th a t b o th  th e  u s e r and n o n -u s e r  f i r m s  have a s te a d y  and c o n s is te n t 
g ro w th  in  n u m b e rs  o f le v e ls  up to  2, 000 and above, w hen  i t  tends to  
p la tea u  then  d e c lin e  s l ig h t ly .  A  m u lt i - le v e l  h ie ra r c h y  in c re a s e s  the 
d is ta n c e  be tw een  m anagem ent and the  o p e ra tin g  le v e l and c re a te s  
p ro b le m s  o f c o m m u n ic a tio n  and m a n a g e r ia l c o n tro l,  w h ic h  te n d  to  se t 
l im i t s  to  h ie r a r c h ic a l  d if fe re n t ia t io n .  T h e  im p lic a t io n s  o f the  
p la te a u in g  and s l ig h t  d e c lin e  a re  th a t th e  im p a c t o f s iz e  on h ie r a r c h i ­
c a l d if fe re n t ia t io n  d e c lin e s  w ith  in c re a s in g  s iz e ; th e  p e rs o n n e l c o m ­
p le m e n t p e r  le v e l as w e l l  as th e  n u m b e r o f le v e ls  in c re a s e s  w ith  
g ro w th .
N u m b e rs  o f le v e ls  o f com m and  b y  b u s in e ss  a c t iv i t y .
T h is  a sp ec t is  fu r th e r  v a lid a te d  in  F ig u re  N o: 6. 6 and A p p e n d ix  R 
w hen th e  n u m b e r o f le v e ls  a re  co m p a re d  w ith in  b u s in e ss  a c t iv it ie s .  
W ith  th e  e xc e p tio n  o f the  la rg e  e m p lo y e rs  n a m e ly , a i r c r a f t  and m o to r  
c a rs , a l l  le v e ls  o f h ie ra rc h y  a re  f a i r l y  c o n s is te n t w ith  a m ean va lu e  
o f 4 a p p ro x im a te ly  f o r  b o th  u s e r and n o n -u s e r ; th e  u s e r type  f i r m s  i f  
a n y th in g  have m o re  le v e ls  su g g e s tin g  a lo n g e r typ e  p y ra m id  than  th a t 
o f the  n o n -u s e r . T h e  2 e xce p tio n s  n a m e ly , a i r c r a f t  and m o to r  c a r  
in d u s tr ie s ,  have m uch  g re a te r  le v e ls  bu t th is  m aybe  due to  the  la rg e  
s iz e  o f e m p lo y m e n t and th e  h o r iz o n ta l in te g ra t io n  o f th e  f i r m s  in  
te rm s  o f p ro d u c tio n  s y s te m s . S tru c tu ra l e xa m p les  o f b o th  these  
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in d u s tr ie s  a re  shown in  A p p e n d ix  S d ia g ra m m a tic  a l ly  ( re f :  086-009) 
(076-207 ). F u r th e r  v a lid a t io n  of u s e r typ e  h ie ra rc h y  was ob ta ined  
f r o m  40 A m e r ic a n  based  f i r m s  w h ic h  f e l l  in to  10 o f the  14 b u s in ess  
a c t iv it ie s .  T h e se  A m e r ic a n  re s u lts  have s tro n g  c o r re la t io n  w ith  
B r i t is h  u s e r g ro ups  a lthough  se le c te d  in d e p e nd e n tly , A m e r ic a n  f i r m s  
had a m ean va lu e  o f 4 le v e ls  o f h ie ra rc h y ; exam p les  of th e se  s t r u c t ­
u re s  a re  show n in  A p p e n d ix  S ( re f :  096-170).
P o in ts  o f c o n c lu s io n  on h ie ra r c h ic a l le v e ls .
T h e  in te rp re ta t io n  advanced so fa r  is  th a t h ie ra r c h ic a l  d if fe re n t ia t io n  
in to  m u lt ip le  le v e ls  tends to  o c c u r in  la rg e  o rg a n is a tio n s  because  i t  
re lie v e s  m anagem ent o f e xce ss ive  s u p e rv is o ry  b u rd e n s  th a t in t e r ­
fe re  w ith  i ts  e xe cu tive  re s p o n s ib il i t ie s .  A n o th e r m e a s u re  o f the  
s u p e rv is o ry  d u tie s  o f the  to p  q u a lity  m a n a g e r is  th e  n u m b e r o f sub 
m a n ag e rs  o r  d iv is io n  heads who re p o r t  to  h im  d ir e c t ly  and how  m any 
th i r d  le v e l m a n a g e rs  o r  pe rha ps  s u p e rv is o rs  re p o r t  to  the  d iv is io n  
head. F ig u re  N o: 6, 7 and A p p e n d ix  R show a m o s t in te re s t in g  se t o f 
re la t io n s h ip s . F i r s t  o b se rve  th e  d e c lin in g  span o f c o n tro l by  
em p loyee  s iz e  f o r  s m a ll s iz e  u s e r f i r m s  up to  the  500 em p loyee  
ra n ge  w ith  an in c re a s e  a t the  1, 000 to  2, 000 ra n g e , th e n  a fu r th e r  
d e c lin e  fo r  la rg e  u s e r f i r m s .  T h e se  cu rve s  a p p ly  to  span o f c o n tro l 
f o r  bo th  d ir e c to r  o f q u a lity  (m o s t s e n io r  e xe cu tive ) and th e  d iv is io n  
head re p o r t in g  to  th a t p o s it io n . T h e re  is  c lo se  c o r re la t io n  be tw een  
these  spans. T h e  span o f c o n tro l f o r  n o n -u s e r f i r m s '  d ir e c to rs  o f 
q u a lity  shows a c le a r  c u r v i l in e a r  g ra ph  r is in g  in  span as s ize  
in c re a s e s . T h e  d iv is io n  head o f th e  n o n -u s e r f i r m s  te nd  to  fo l lo w  
the  c u rv e  ge ne ra ted  b y  bo th  u s e r spans, a lth oug h  w ith  a re d uce d  
ave rage  span o f c o n tro l;  the  im p lic a t io n s  o f these  c u rv e s  suggest th a t 
n o n -u s e r f i r m s  in  q u a lity  c o n tro l w i l l  tend  to  have w id e r  spans of 
c o n tro l as e m p loyee  s iz e  in c re a s e s , w h ile  u s e r  f i r m s  w i l l  d e c lin e  
due to  p o s s ib le  deepe r c o n c e n tra tio n  and dependence on te ch n o lo g y .
H o r iz o n ta l and v e r t ic a l  p re s s u re s .
T h e  in v e rs e  a s s o c ia tio n  be tw een  v e r t ic a l  d if fe re n t ia t io n  in to  m u lt ip le  
le v e ls  and h o r iz o n ta l d if fe re n t ia t io n  in to  m any  d iv is io n s  suggests  
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th a t o rg a n is a tio n s  have a tende ncy  to  deve lop  e ith e r  a squat p y ra m id  
o r  a t a l l  one, though la rg e  o rg a n is a tio n s  a re  ty p ic a l ly  bo th  ta l le r  and 
w id e r  a t th e  to p  than  s m a ll o rg a n is a tio n s . One p o s s ib le  c o n d itio n  
w h ic h  co u ld  a ffe c t in  w h ic h  d ire c t io n  a s tru c tu re  w i l l  m ove  is  the  
d eg ree  o f a u to m a tio n , o r  in  th is  case, the am oun t o f te ch n o lo g y  such 
as c o m p u te r-a id e d  m e a s u r in g  m ach ines  b e in g  used in  th a t o rg a n is a ­
t io n  fo r  c o n tro l o f q u a lity .  T h e  use o f such te ch n o lo g y  w i l l  tend  to  
m ake  the  p y ra m id  t a l le r ,  m a in ly  because the  use o f co m p u te rs  and 
such advanced te ch n o lo g y  w i l l  m in im is e  the  d isadva n tages  o f the  t a l l  
p y ra m id . T h e  t a l l  s t r u c tu re  has the  advantage o f re d u c in g  top  
q u a lity  m a n a g e rs ' a d m in is tra t iv e  lo a d s , bu t a t the  sam e t im e , has 
th e  d isa dvan tage  o f in c re a s in g  i ts  d is ta n ce  f r o m  th e  o p e ra tin g  le v e l.  
H ow  s e r io u s  the  d isad va n tage  is  depends upon the  fo r m  o f m anage­
m e n t, th e  in d iv id u a l f i r m  and th e  bu s in e ss  a c t iv it y  in  w h ich  i t  
o p e ra te s .
M a n y  h ie ra r c h ic a l  le v e ls  engender p ro b le m s  o f c o m m u n ic a tio n  th a t 
can s e r io u s ly  im pede  to p  q u a li ty  m a n a g e r 's  c o n tro l o v e r h is  to ta l 
fu n c tio n  i f  i t  is  p r im a r i ly  e x e rc is e d  b y  is s u in g  d ire c t iv e s  and g e ttin g  
feedback  th ro u g h  n o rm a l channe ls  as can be o b se rve d  in  th e  case o f 
E M I, A p p e n d ix  S ( re f :  264 -032 ), T h is  f i r m  has a f a i r l y  t a l l  p y ra m id  
w ith  m any  b its  and p ie c e s , y e t h a v in g  o n ly  4% o f to ta l  m an po w e r on 
in s p e c tio n  a c t iv it ie s .  T h is  f i r m  is  a n o n -u s e r o f advanced m e a s u r in g  
te ch n o lo g y  and p e rh a p s  s u ffe rs  som e of the  d isadvan tages p re v io u s ly  
m e n tio n e d  fo r  th e  t a l l  p y ra m id . T h is  can be co m p a re d  w ith  a n o th e r 
t a l l  p y ra m id  s t ru c tu re  show n in  A p p e n d ix  S ( re f :  086-009) B r i t is h  
A e ro s p a c e , w h ich , a lthough  m uch  la r g e r  in  s iz e  than  E M I, has a 5% 
o f to ta l m a n po w e r on in s p e c tio n  a c t iv it ie s  and is  h e a v ily  equipped 
w ith  advanced in s p e c tio n  te ch n o lo g y . T he  re s e a rc h  suggests  th a t the  
m o re  the  s e n io r  q u a lity  e xe cu tive  depends on advanced te ch n o lo g y  to  
feed  h im  data  the n  the  le s s e r  l ia b i l i t y  w i l l  be a t a l le r  h ie ra rc h y .
T h is  te ch n o lo g y , a lthough  i t  tends to  d e -s k i l l  th e  in s p e c to r  a t the  
b o tto m  o f th e  p y ra m id , m ech an ise s  m any m e a s u r in g  ta sks  and w i l l  
ro u t in is e  o th e rs  th a t con tinue  to  be p e r fo rm e d  b y  o p e ra to rs , thus 
le s s e n in g  the  need fo r  m a n a g e r ia l gu idance. S im ila r  to  the  n u m e r ic a l 
/ , , , ,   ^ -2 9 5 -
c o n tro lle d  m a ch in e  to o l o r  indeed  the  c o m p u te r, once p ro g ra m m e s  
a re  des igned  and s e t-u p  th is  e x e rts  c o n s tra in ts  o v e r the  p e rfo rm a n c e  
o f em p loyees , who m u s t adapt th e ir  w o rk  to  the  re q u ire m e n ts  of the  
te ch n o lo g y . S ince, i t  is  suggested , th is  te ch n o lo g y  m akes q u a lity  
m anagem ent le s s  dependent on h ie ra r c h ic a l  channe ls  o f co m m u n ic a ­
t io n , i t  re d u ce s  th e  d isadvan tages o f m u lt ip le  le v e ls  and fo s te rs  
th e ir  d e ve lo p m en t. T h is  c o n c lu s io n  is  based on th e  re s e a rc h  o f 
100 f i r m s '  o rg a n is a tio n  s tru c tu re s  and the  d if fe re n t ia t io n s  be tw een 
u se rs  o f advanced te ch n o lo g y . T o  som e d egree  th e  f in d in g s  can be 
co m p a re d  to  the  ev idence  show n b y  W oodw ard  - ’ ' in d u s t r ia l  
O rg a n is a tio n ”  pages 51 and 52, w h e re  she found  th a t the  m o s t a u to ­
m a te d  o f 80 B r i t is h  m a n u fa c tu r in g  f i r m s  had th e  la rg e s t  n u m b e r of 
le v e ls  (19). T h is  pe rhap s  is  th e  im p a c t th a t te c h n o lo g y  has on 
s tru c tu re s  re s u lt in g  in  a p o s it iv e  re la t io n s h ip  be tw een  te ch n o lo g y  and 
h ie ra r c h ic a l  le v e ls .
-296-
6 . 5 -  D IV IS IO N S A N D  SEC TIO NS W IT H IN  T H E  H IE R A R C H Y  OF
T H E  O R G A N IS A T IO N  S TR U C T U R E  O F Q U A L IT Y  C O N T R O L.
T h e  re s e a rc h  now lo o ks  a t th e  m id d le  and b o tto m  o f the  p y ra m id  to  
d e te rm in e  im p a c t due to  the  p re se n ce  o f advanced te ch n o lo g y .
D iv is io n s  and s e c tio n s  b y  em p lo ye e  s iz e .
F ig u re  No: 6. 8 is  a s c a tte rg ra m  o f the  n u m b e r o f s e c tio n s  and 
d iv is io n s  b y  em p lo ye e  s iz e . (See a lso  A p p e n d ix  R ). T h e  m o s t p r o ­
nounced o f th e se  cu rve s  is  th a t o f the  n u m b e r o f s e c tio n s  in  bo th  the  
u s e r and n o n -u s e r  f i r m s .  T h e  n u m b e r o f se c tio n s  in c re a s e  ra p id ly  
w ith  s iz e  up to  a peak o f 14 se c tio n s  on f i r m s  be tw een  2, 000 and 
4, 999 em p loyee s  and then  ta i ls  o ff aga in  q u ite  r a p id ly  to  ave rag e s  o f 
8 se c tio n s  f o r  f i r m s  o f 5, 000 p lu s  em p loyees . C o rre s p o n d in g ly  the  
n o n -u s e r f i r m  has a s im i la r  ra p id  in c re a s e  in  se c tio n s  w ith  s iz e , 
b u t peaks a t 10 f o r  100 to  2, 000 em p loyees and th e n  d e c lin e s  aga in  
to  an a ve ra g e  o f 7 s e c tio n s  fo r  5, 000 em p loyees and m o re . T h e  
n u m b e r o f d iv is io n s  (w h ich  in  th is  re s e a rc h  a re  s u p e r io r  in  the  h ie r ­
a rc h y  to  the  se c tio n ) tend  to w a rd s  a s tra ig h t l in e  and a ve rag e  3. 25 
f o r  a l l  s ize s  o f f i r m s  w ith in  the  u s e r g roup ; w h ile  th e  n o n -u s e r f i r m s  
have a c u r v i l in e a r  g ra ph  m o v in g  f r o m  a lo w  le v e l to  a h ig h  peak and 
c o n tin u in g  to  r is e  a t 6 d iv is io n s  in  the  la rg e s t f i r m s  o f 5, 000 p lu s  
em p lo ye e s . T h e se  re s u lts  im p ly  th a t the  la r g e r  th e  s iz e  o f f i r m  the  
g re a te r  the  n u m b e r o f s e c tio n s  and co nsequ en tly , as the  d iv is io n s  do 
not in c re a s e  in  n u m b e r, th e n  the  span o f c o n tro l o f th e  d iv is io n  head 
in c re a s e s . T h is  f in d in g  su p p o rts  th e  e a r l ie r  c o n je c tu re s  th a t fo r e ­
s ta l l in g  th e  p r o l i fe r a t io n  o f d iv is io n s  re q u ire s  e s ta b lis h in g  m o re  
fu n c t io n a l sub u n its  w ith in  th e m  and th a t re d u c in g  th e  n u m b e r of 
d iv is io n s  once i t  has becom e to o  la rg e , e n ta ils  e s ta b lis h in g  a fe w  
s u p e r d iv is io n s  th a t p ro b a b ly  co n ta in  m o re  sub u n its  th a n  the e a r l ie r  
d iv is io n s . T h e  s m a lle r  th e  f i r m  then  the  m o re  e ncom p a ss in g  a re  
th e  re s p o n s ib il i t ie s  g ive n  to  th e  d iv is io n  heads u n de r the  top  q u a li ty  
e xe cu tive . F ig u re  No: 6. 8 and A p p e n d ix  R fu r th e r  su p p o rts  the  
h yp o th e s is  c o n c e rn in g  the  im p a c t o f te ch n o lo g y  on m a n u fa c tu r in g  
in d u s try  as the  u s e r f i r m s  exceed the  n o n -u s e r in  s e c tio n  n u m b e rs . 
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T h e se  s e c tio n s  c o n ta in  the  advanced te ch n o lo g y  in  a p ra c t ic a l and 
p h y s ic a l sense e n com pass ing  se c tio n s  u s in g  the  data  f r o m  the  te ch n o ­
lo g y  to  a s s is t l in e  m anagem ent d e c is io n -m a k in g . A p p e n d ix  S ( re f ;  
096-170) show ing  the  John D e e re  H a rv e s te r  W o rk s  is  a good exam ple  
o f th is  re la t io n s h ip .  T h u s  i t  is  suggested  th a t f i r m s  w ith  advanced 
te ch n o lo g y  w i l l  te nd  to  have m o re  se c tio n s , th e re fo re  th e  te ch n o lo g y  
e x e rts  som e in f lu e n c e  on h o r iz o n ta l as w e ll as on v e r t ic a l  d if fe re n t ­
ia t io n ; its  in flu e n c e  on h o r iz o n ta l d if fe re n t ia t io n  is  re f le c te d  in  an 
in c re a s e  o f s e c tio n s  w ith in  d iv is io n s  ra th e r  th a n  th e  a d d it io n  o f m o re  
d iv is io n s . I t  has been d e m o n s tra te d  th a t th e  m u lt i - le v e l  h ie ra rc h ie s  
in  som e f i r m s  w ith  advanced c o m p u te r-a s s is te d  m e a s u r in g  m a ch in e s , 
w h ic h  re d u ce  th e  n u m b e r o f d iv is io n s , p re v e n t th e  in f lu e n c e  of 
advanced te c h n o lo g y  on h o r iz o n ta l d if fe re n t ia t io n  f r o m  fin d in g  e x ­
p re s s io n  and p e rm it  i t  to  f in d  e x p re s s io n  o n ly  on th e  next le v e l o f 
o rg a n is a tio n . A n  advanced te c h n o lo g y  seem s to  be m o re  c o m p a tib le  
than  a s im p le  one w ith  a co m p le x  s tru c tu re  d if fe re n t ia te d  bo th  v e r t i ­
c a l ly  in to  m u lt ip le  le v e ls  and h o r iz o n ta l ly  in to  m a n y  s e c tio n s  though  
no t in to  a la rg e  n u m b e r o f d iv is io n s .
D iv is io n s  and s e c tio n s  b y  b u s in e ss  a c t iv ity .
F ig u re  No: 6. 9A shows the re la t io n s h ip  be tw een  n u m b e r o f s e c tio n s  
and d iv is io n s  b y  b u s in e ss  a c t iv ity .  U s e r  f i r m s  have a m ean va lu e  o f 
9 .15  se c tio n s  and 3. 51 d iv is io n s  co m p a re d  w ith  s m a lle r  m ean va lu e s  
f o r  n o n -u s e r f i r m s  o f 6 ,4 3  se c tio n s  and 2 ,1 9  d iv is io n s . H o w e ve r 
d e sp ite  th is  h ig h e r  m ean va lu e , u s e r f i r m s  a re  not a l l  m o re  n u m e r­
ous in  b o th  s e c tio n s  and d iv is io n s . T h e  e xce p tio n s  fo r  n o n -u s e r 
f i r m s  h a v in g  m o re  s e c tio n s  a re  to o ls , te le c o m m u n ic a tio n , m a ch in e  
to o ls , m o to r  c a rs  and d o m e s tic  p ro d u c ts  m a rg in a lly  la r g e r ;  b y  the 
v e ry  n a tu re  o f th e  b u s in e ss  a c t iv i t y  o f a l l  o f th e  above e xce p tio n s , 
one can c le a r ly  e s ta b lis h  w hy  th e y  m a y  be e x c e p tio n a l, th a t is ,  each 
typ e  p ro du ce s  fo r  w id e  v a r ie ty  m a rk e ts , f o r  e xa m p le , to o ls  cou ld  be 
c u tt in g  to o ls , g r in d in g  to o ls , punch ing  to o ls , and o th e r to o ls . M a ­
ch ine  to o ls , pe rha p s  re g re t ta b ly  in  B r i ta in ,  a re  m uch  to o  d iv e rs if ie d  
to w a rd s  s ta n d a rd  typ e  c o n ve n tio n a l m ach in es  w h ic h  seem s to  appea l 
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to  a fa s t d im in is h in g  m a rk e t,  bu t th e  f i r m s  in  th is  re s e a rc h  cou ld  
have m a n y  se c tio n s  c o v e r in g  each o f these  m a ch in e  to o l typ e s .
M o to r  c a rs  and d o m e s tic  p ro d u c ts  a re  s e lf -e x p la n a to ry .  W ith  r e s ­
p ec t to  the  n u m b e r o f d iv is io n s  the  n o n -u s e r f i r m s  o n ly  exceed the  
u s e r in  m o to r  c a rs  and d o m e s tic  p ro d u c ts , the  sam e re a s o n in g  
a p p lie s  as b e fo re . T h e  fa c t th a t th is  re s e a rc h  show s th a t f i r m s  
u s in g  advanced te ch n o lo g y  in  in s p e c tio n  have m o re  s e c tio n s  and 
d iv is io n s  as s ta te d  p re v io u s ly ,  is  fu r th e r  v a lid a te d  b y  th e  o v e r ­
w h e lm in g  re s u lts  ta k e n  f r o m  F ig u re  N o: 6. 9 b u t f o r  th e  5 se c tio n s  
and 2 d iv is io n s  th e  b a la n ce  o f a l l  o f th e  b u s in e ss  a c t iv it ie s  have m o re  
s e c tio n s  and d iv is io n s  in  th e  u s e r typ e  f i r m s .
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6 .6  - A D M IN IS T R A T IO N  IN T E R -R E L A T E D  R A T IO S  O F 
M A N P O W E R  B Y  E M P L O Y E E  S IZ E  GROUPING S.
In tro d u c tio n .
T h is  s e c tio n  is  co n ce rn e d  w ith  the  m a jo r  c h a ra c te r is t ic s  re la te d  to  
a d m in is tra t io n , in  w h ic h  e x a m in a tio n  is  m ade in  d e ta ils  o f the  r e ­
s e a rc h  re s u lts  o f r a t io s  o f in s p e c tio n  p e rs o n n e l a t v a r io u s  pay le v e ls  
to  the  to ta l p e rs o n n e l em p loyed , f o r  f i r m s  u s in g  and not u s ing  
advanced m e a s u r in g  m a ch in e  te ch n o lo g y . In  a d d it io n  e x a m in a tio n  is  
m ade o f th e  re la t io n s h ip  o f annua l budget to  in s p e c tio n . T h is  
p a r t ic u la r  s tu d y  has been in c lu d e d  in  th is  s e c tio n  as the  re s e a rc h e r  
c o r re la te s  th is  to  the  base o f the  s tru c tu re  o f o rg a n is a tio n . I t  is  
in te re s t in g  to  d e te rm in e  i f  f i r m  s ize  is  c lo s e ly  c o r re la te d  to  changes 
in  the  r a t io  o f in s p e c tio n  su p p o rt and does th is  s u p p o rt v a ry  in  te rm s  
o f in s p e c tio n  pay s tru c tu re .  T h a t is  to  say, do la rg e  s ize  f i r m s  have 
g re a te r  o r  le s s e r  in s p e c tio n  s ta f f  as a r a t io  o f to ta l  p e rs o n n e l. A 
fu r th e r  f ie ld  o f in te re s t  m u s t be re la te d  to  the  b u s in e ss  a c t iv it y  and 
the  re la t iv e  ra t io s  in  each g ro up . T h is  is  o f s p e c ia l in te re s t as 20 
v a r io u s  b u s in e ss  a c t iv it ie s  o f d if fe re n t  s ize  g ro u p s  shou ld  r e f le c t  
som e d eg ree  o f d if fe re n c e  w h ic h  has to  be in v e s tig a te d . A s  w e l l  as 
c o m p a rin g  the  ra t io s  o f a l l  f i r m s ,  the  re s e a rc h  lo o ks  ag a in  at bo th  
c la s s if ic a t io n s  o f u se rs  and n o n -u s e rs  o f advanced te ch n o lo g y , then  
fu r th e r  re s e a rc h e s  35 A m e r ic a n  based f i r m s ,  a l l  u s e rs  o f advanced 
equ ipm en t and a tte m p ts  to  co m p a re  one w ith  a n o th e r.
M a n po w e r ra t io s  b y  em p loyee  s iz e .
T h e  data on ra t io s  o f in s p e c tio n  p e rs o n n e l as re la te d  to  em p loyee  
s iz e  is  co n ta ined  in  A p p e n d ix  R, In dex  B -E , and i l lu s t r a te d  in  
F ig u re s  N os: 6 .1 0  to  6 .1 4 .
M o n th ly  P a y r o l l  ra t io s .
E x a m in a tio n  o f the  r a t io  o f m o n th ly  in s p e c tio n  w i l l  b a s ic a l ly  r e f le c t  
the  m a n a g e r ia l,  s u p e rv is o ry  and s e n io r  s ta f f  p e rs o n n e l as re la te d  to  
to ta l p e rs o n n e l. One o b se rve s  in  F ig u re  No: 6 .1 0  and A p p e n d ix  R, 
sheet 2, co lu m n  27, th a t the la r g e r  the  s ize  o f an o rg a n is a tio n  then  
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th e  lo w e r  is  th is  r a t io  thus c o n f irm in g  the  a fo re m e n tio n e d  s tu d ie s . 
P ro m  a w ide  v a r ie ty  o f a c t iv it ie s  and w ith  the  e xce p tio n  of a h ig h  
p e rce n ta g e  found  in  f i r m s  o f 50 to  99 em p loyees fo r  u s e rs  of 
advanced te ch n o lo g y , bo th  u s e rs  and n o n -u s e rs  have a s te a d ily  de ­
c lin in g  r a t io .  T h is  tends to  re p lic a te  the  f in d in g s  o f S ta rb u ck  in  
te rm s  o f o rg a n is a tio n  of le s s  th a n  100 em p loyees (54), Indeed o n ly  
in  the  s m a lle s t  o f o rg a n is a tio n s  re v ie w e d , th a t is  10 -49  e m p lo yees , 
n o n -u s e r f i r m s  exceeded u s e r f i r m s  in  m o n th ly  p a y r o l l  r a t io  w h ich  
suggests  th a t la c k  o f te ch n o lo g y  c a lls  fo r  m o re  a d m in is tra t io n  at 
h ig h e r  le v e ls .  A m e r ic a n  based  f i r m s  a lthough  d e c lin in g  in  th e  sam e 
m a n n e r w ith  in c re a s in g  s iz e  o f f i r m ,  have in  a lm o s t a l l  cases o f 
s iz e , even le s s  m o n th ly  p a y ro l l  p e rs o n n e l th a n  a l l  n o n -u s e r  f i r m s  in  
th e  to ta l s tu d y . A s  a l l  o f the  35 A m e r ic a n  f i r m s  a re  u s e rs , th is  
fu r th e r  s u p p o rts  the  g e n e ra l th e o ry  th a t in c re a s e d  te ch n o lo g y  re d u ce s  
the  need fo r  h ig h e r  le v e l s ta ff .
I f ,  as is  suggested , th e  advanced te ch n o lo g y  re d u ce s  the  need fo r  the  
h ig h e s t le v e ls  o f s ta f f  and d e c lin e s  w ith  the  in c re a s e  in  em p loyee  
s iz e , w h e re  the n  a re  the  know ledge  w o rk e rs  w h ic h  i t  is  b e lie v e d  w i l l  
g ro w  as the  b lu e  c o l la r  w o rk e r  o r  m a n ua l w o rk e r  d e c lin e s  w ith  the 
advancem ent o f te c h n o lo g y  and a u to m a tio n  in  in d u s try ?
W e e k ly  p a y ro l l  r a t io s .
T h e  a n sw e r to  the  above q u e s tio n  m aybe  found in  th e  r a t io  o f w e e k ly  
p a id  em p lo ye es  as a p e rce n ta g e  o f to ta l e m p lo ye e s . In  th is  in s ta n ce  
and w ith  th e  e xce p tio n  aga in  o f the  v e ry  s m a ll f i r m s ,  the  u s e r g roups  
a re  c o n s is te n t ly  la r g e r  th a n  the  n o n -u s e r, d e sp ite  the  fa c t th a t the  
m ean v a lu e  fo r  the  n o n -u s e r is  h ig h e r. (T h is  re s u lts  because o f the  
in f lu e n c e  o f th e  s m a ll f i r m s  on the  to ta l) .  I t  is  in te re s t in g  to  note 
th a t th e re  is  h a rd ly  any d if fe re n c e  in  r a t io  as em p lo ye e  s ize  
in c re a s e s , su g ge s tin g  th a t a la r g e r  w e e k ly  s ta f f  is  p ro p o r t io n a lly  
re q u ire d  to  s u p p o rt the  needs o f the  f i r m .  T h is  fe a tu re  was not 
h o w e ve r re f le c te d  in  the  C a te rp i l la r  case s tu d y  in  c h a p te r 3, w h ich  
shows a s te a d ily  d e c re a s in g  ra t io  o f w e e k ly  p e rs o n n e l a g a in s t b lu e  
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c o l la r  em p loyees  and th is  is  happen ing  because o f s e v e re  c o n tro ls  b y  
s e n io r  a d m in is tra t io n  on the  a d d it io n  o f b o th  m o n th ly  and w e e k ly  p a y ­
r o l l  a p p o in tm e n ts . A g a in  i t  w as o b se rve d  in  the  C a te r p i l la r  Case 
S tudy th a t, d e sp ite  re d u c in g  n u m b e rs , new te c h n o lo g y  w as g iv in g  
w e e k ly  s ta f f  in  p a r t ic u la r  m o re  in f lu e n c e  and p o w e r. C a te r p i l la r  
have a b a s ic  th e o ry  th a t any in c re a s e  in  these  p a y ro l ls  not o n ly  
a ffe c ts  the  o v e ra l l  co s t o f la b o u r , bu t tends to  c re a te  o th e r  unseen 
cos ts  such as m o re  space re q u ire d  in  an o ff ic e , m o re  p a p e r c i r ­
c u la t in g  than  is  n e c e s s a ry , and pe rha ps  w o rs t o f a l l ,  the  fo rm a t io n  
o f fu r th e r  g roups  t r y in g  to  so lve  s h o r t te r m  p ro b le m s . H o w e v e r the  
in v e rs e  o f a l l  th is  c a re  is  to  ig n o re  the  fa c t th a t c o n v e n tio n a l m a ch in e  
to o ls  a re  b e in g  re p la c e d  b y  co m p le x  t r a n s fe r  s y s te m s , no tebooks 
a re  b e in g  re p la c e d  b y  o n - lin e  r e a l  t im e  c o m p u te r p r in t -o u ts  and 
w h ile  i t  is  a ls o  t r u e  th a t th e  co s t o f c o m p u te r h a rd w a re  is  d ro p p in g  
d ra m a t ic a l ly  w ith  the  advance o f che ap e r m ic ro -e le c t r o n ic s ,  the  co s t 
o f s o ftw a re  p ro g ra m m in g  is  r is in g  ju s t  as d ra m a t ic a l ly ;  m o re  kn o w ­
ledge  w o rk e rs  a re  re q u ire d , e s p e c ia lly  in  c o m p u te r  advanced 
m a ch in e  to o l p la n n in g  and, as is  show n in  th is  s tu d y , f o r  advanced 
m e a s u r in g  m a ch in e  te ch n o lo g y .
F ro m  F ig u re  No: 6 .11  and A p p e n d ix  R, i t  is  o b se rve d  th a t w e e k ly  
p e rs o n n e l a re  n e ith e r  d e c lin in g  n o r  in c re a s in g  w ith  e m p loyee  s iz e . 
T h e  e co n o m ics  o f s ca le  do not a p p ly  in  w e e k ly  p a y r o l l  as th e y  
a p p a re n tly  do in  m o n th ly  p a y ro l l ,  th a t is  la r g e r  f i r m s  re q u ire  p ro ­
p o r t io n a te ly  fe w e r  m a n a g e rs  th a n  s m a lle r  f i r m s  fo r  a d m in is te r in g  
th e i r  in s p e c tio n  and q u a li ty  c o n tro l fu n c tio n s , h o w e ve r th is  v a r ie s  
w ith  c o m p le x ity  o f te ch n o lo g y , e s p e c ia lly  w ith  th e  s m a lle r  f i r m s .  
C o m in g  b a ck  to  th e  w e e k ly  p a y ro l l ,  i t  is  noted f r o m  A p p e n d ix  R, 
sheet 3, c o lu m n  26, th a t 4 out o f the  7 n o n -u s e r em p loyee  s ize  
g roups a re  la r g e r  in  p e rce n ta g e  th a n  the  u s e r g ro u p  and indeed the  
m ean v a lu e  is  la r g e r  in  the  n o n -u s e r g roup , 35 A m e r ic a n  based 
u s e r f i r m s  have s m a lle r  p e rce n ta g e s  in  a l l  e m p loyee  s iz e  g roups 
excep t 2, 000 -  4, 999 e m p lo ye e  s iz e , w h e re  i t  has a h ig h e r  p e rc e n t­
age than  the  n o n -u s e r g ro up , (see A p p e n d ix  R, sheet 4).
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I t  seem s a p pa re n t f r o m  these  re s u lts  th a t te ch n o lo g y  has a d ire c t  
in flu e n c e  on the  n u m b e r o f w e e k ly  p a y ro l l  as w e ll as the  e ffe c t o f 
em p loyee  s iz e . T h is  in fe rs  th a t n o n -u s e r f i r m s  re q u ire  la r g e r  
fo rc e s  o f p la n n e rs , a n a ly s ts , s ta t is t ic ia n s  and o th e r such e n g in e e rs  
to  p e r fo rm  fu n c tio n s  w h ich  a re  c a r r ie d  out b y  c o m p u te rs  and m e a ­
s u r in g  m a ch in e s  in  te c h n ic a lly  advanced f i r m s ,  in  essence i t  is  con ­
c luded  th a t w e e k ly  p a y ro l l  in s p e c tio n  m a y  not d e c re a se  ra p id ly  w ith  
in c re a s in g  e m p loyee  s ize  bu t the  m o re  co m p le x  th e  te ch n o lo g y  
re s u lts  in  fa s te r  d e c rea se  in  w e e k ly  p a y ro l l  s u p p o rt. T h is  is  
fu r th e r  v a lid a te d  b y  35 A m e r ic a n  f i r m s  who a re  a l l  u se rs  o f 
advanced m e a s u r in g  te ch n o lo g y , (see A p p e n d ix  R, sheet 4, c o lu m n  
3).
H o u r ly  p a y r o l l  r a t io s  -  d ire c t  h o u r ly  w o rk e rs .
In  m a n u fa c tu r in g  in d u s tr ie s  i t  is  com m on p ra c t ic e  to  re la te  the  to ta l 
h o u r ly  p a y r o l l  to  the  in s p e c tio n  h o u r ly  o r  indeed  any o th e r s e rv ic e  
fu n c tio n  such  as m a in ten a n ce  h o u r ly , to o lro o m  h o u r ly ,  and o th e rs , 
w h ic h  re s u lts  in  a r a t io  m e a s u re  o f a l l  s e rv ic e s  p a id  b y  the  h o u r to  
each o th e r. F o r  f in e r  tu n in g  o f t ru e  e ffe c tiv e n e s s , a fu r th e r  r a t io  is  
e m p loyed  and th is  is  con ce rn e d  w ith  re la t in g  th e se  sam e s e rv ic e s  to  
the  a c tu a l d ir e c t  h o u r ly  p a y ro l l .  D ir e c t  a p p lie s  to  em p loyees 
engaged in  m a n u fa c tu r in g  o r  a s s e m b lin g  s a le a b le  com ponen ts , th a t 
is  any ite m  to  w h ic h  va lu e  is  added as a re s u lt  o f som e o p e ra tio n . A t 
th e  t im e  o f the  case s tu d y  in  1978, the  d ire c t  h o u r ly  em p loyee  ra t io  
a t C a te r p i l la r  T r a c to r  p la n t, G lasgow  was ru n n in g  a t 1. 8 to  a l l  o th e r 
h o u r ly ,  w h ic h  m eans th a t f o r  each d ire c t  em p loyee  th e re  a re  a lm o s t 
2 h o u r ly  s e rv ic e  em p loyees a s s is t in g  h im  b y  f ix in g  b re akd o w ns , 
m o v in g  m a te r ia l ,  p re p a r in g  to o ls , is s u in g  at s to re s  and o th e r. 
C o n s id e r f o r  a m o m en t w ha t happens to  th is  r a t io  w hen a l l  o th e r p a y ­
r o l ls  a re  added, th a t is  w e e k ly  and m o n th ly . One is  le f t  w ith  a f a i r l y  
la rg e  n u m b e r o f peop le  b a s ic a l l ly  s u p p o rtin g  the  h o u r ly  d ire c t  
em p loyee . R ecen t re s e a rc h  in  th e  A m e r ic a n  a rm y  re v e a le d  th a t fo r  
e v e ry  f r o n t  l in e  s o ld ie r ,  th e re  a re  9 o th e r a rm y  p e rs o n n e l beh ind  
h im  o rg a n is in g , s u p p ly in g , s tra te g is in g  and o th e r a c t iv it ie s ,
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In d u s try  to  som e de gree  is  m o v in g  in  the  sam e d ire c t io n  bu t w ith  
som e re s is ta n c e  f r o m  ow ne rs  and s e n io r  m anagem ent to  c o n tro l the 
change.
T h is  re s e a rc h  loo ks  a t the  r a t io  o f h o u r ly  in s p e c tio n  to  to ta l d ire c t  
em p loyees and th is  is  shown in  F ig u re  No: 6 .1 2  and A p p e n d ix  R, 
sheet 3, co lu m n  25. In  th is  in s ta n ce  one o b s e rv e s ,a  co m p le te  change 
in  in s p e c tio n  p e rce n ta g e  f r o m  the  p re v io u s  c o m p a ris o n s  of w e e k ly  
and m o n th ly  p a y ro l ls ,  in  th a t th e  u s e r f i r m s  exceed th e  n o n -u s e r 
f i r m s  in  a l l  e m p loyee  s iz e  g roups w ith  the  e xce p tio n  o f the  s m a lle s t 
f i r m s  and th e  la rg e s t  f i r m s ,  th a t is  10 - 49 and 2, 000 p lu s  e m p loyee  
s iz e , th e  m id d le  ra nge s  have a m uch  h ig h e r  d om in ance  o f in s p e c tio n  
m a n po w e r to  d ire c t  em p loyee  and th e  m ean v a lu e  f o r  a l l  f i r m  g roups  
in  the  u s e r s e c tio n  is  11, 73 a g a in s t 8. 68 fo r  n o n -u s e rs . A m e r ic a n  
based f i r m s  a ls o  have a h ig h e r  m ean va lu e  than  the  n o n -u s e r g roup , 
-a lthough  th e  n o n -u s e r f i r m s  in  the  2, 000 to  5, 000 e m p loye e  s iz e  fa r  
exceed th e  u s e r g ro up  bo th  to ta l p o p u la tio n  and A m e r ic a n  f i r m s ,
(see A p p e n d ix  R , sheet 4, co lu m n  1).
T h e re  is  no p a r t ic u la r  t re n d  w ith  any o f the  g ro up s  as em p loyee  s iz e  
in c re a s e s  excep t as p re v io u s ly  s ta te d , n o n -u s e r f i r m s  a re  h ig h  a t 
bo th  ends o f the  s ca le  and fo rm  a d is h - ty p e  c u rv e  su g g e s tin g  th a t 
n o n -u s e rs  re q u ire  le s s  in s p e c tio n  p e rs o n n e l in  f i r m s  o f 100 to  2 ,000  
em p loyee  s iz e  as a p e rce n ta g e  o f d ir e c t  em p lo ye e s , w h ile  u s e r 
f i r m s  have th e  exac t o p pos ite  re s u lt ,  w ith  m o re  in s p e c tio n  p e rs o n n e l 
as a p e rce n ta g e  o f d ir e c t  em p loyee  fo r  f i r m s  o f 100 to  2, 000 
em p loyee  s iz e . B y  c o n tra s t A m e r ic a n  based f i r m s  tend  to  have an 
in c re a s in g  p ro p o r t io n  o f h o u r ly  in s p e c tio n  as th e  f i r m  in c re a s e s  in  
s iz e , (A p p en d ix  R, sheet 4, co lu m n  2),
T h e  re s u lts  suggest th a t te ch n o lo g y  has no p a r t ic u la r  in flu e n c e  on 
th e  re la t io n s h ip  be tw een  in s p e c tio n  and d ire c t  h o u r ly  em p loyees and 
th a t any d if fe re n c e s  a re  a d ire c t  fu n c tio n  of the  needs of the  f i r m  in  
the  p e r fo rm a n c e  o f its  a c t iv it ie s .
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H o u r ly  p a y ro l l  ra t io s  -  a l l  h o u r ly  w o rk e r s .
T he  next p a r t  o f th e  s tu d y  e xam ined  the  re la t io n s h ip  o f a l l  h o u r ly  
p e rs o n n e l to  a l l  h o u r ly  in s p e c tio n  to  w h ic h  aga in  r e fe r r in g  to  the  
C a te r p i l la r  case s tu d y  in  c h a p te r 4, th is  f ig u re  was 16 to  1, th a t is  
one h o u r ly  in s p e c to r  to  e v e ry  16 h o u r ly  e m p lo ye e s , and indeed,
6. 25 i f  e xp re sse d  in  the  sam e m a n n e r as the  c a lc u la t io n s  in  A p p e n d ix  
R, sheet 3, c o lu m n  24. E x a m in a tio n  of these  d e ta ils  in  the  above 
n u m b e re d  A p p e n d ix  and as i l lu s t r a te d  in  F ig u re  No: 6 ,1 3 , one notes 
th a t u s e r f i r m s  have g re a te r  p ro p o r t io n s  o f h o u r ly  in s p e c tio n  excep t 
in  the  em p lo ye e  ra n g e  o f 2, 000 to  4, 999 w h e re  n o n -u s e r  f i r m s  
exceed bo th  u s e rs  and A m e r ic a n  f i r m  u s e rs . I t  is  o f fu r th e r  in te re s t  
to  note th a t in  g e n e ra l u s e r f i r m s  d e c re a se  v e ry  s l ig h t ly  in  h o u r ly  
in s p e c tio n  p e rs o n n e l as to ta l  em p lo ye e  s iz e  in c re a s e s , su g ge s tin g  
econom ies  o f s ca le  w ith  in c re a s in g  s iz e  of f i r m .
C o rre s p o n d in g ly  as n o n -u s e r  f i r m s  in c re a s e  in  s iz e  th e re  is  a 
d e f in ite  t re n d  o f in c re a s in g  in s p e c tio n  p e rs o n n e l su g g e s tin g  th a t as 
f i r m s  in c re a s e  in  s iz e , th e y  need to  s u b s titu te  pe op le  in  p la ce  of 
advanced in s p e c tio n  te ch n o lo g y . C o n tra s t in g  bo th  th e se  re s u lts  a re  
the  A m e r ic a n  f i r m s  u s in g  advanced te ch n o lo g y  and a lth o u g h  th e y  
r e f le c t  g re a te r  p e rce n ta g e s  of in s p e c to rs  than  th e  n o n -u s e r  except 
as s ta te d  fo r  the  2, 000 to  4, 999 s iz e , A m e r ic a n  f i r m s  tend  to  peak 
a t the  m id d le  ra n g e  o f 1, 000 - 2, 000 em p loyees th e n  b e g in  to  
d e c lin e  in  in s p e c tio n  h o u r ly  m anpow er as e m p loyee  s iz e  in c re a s e s , 
(see A p p e n d ix  R, sheet 4, co lu m n  1).
B udge t p e r  head o f in s p e c tio n  b y  em p loyee  s iz e .
F ig u re  No; 6 .1 4  shows a g ra p h  o f budget e x p e n d itu re  b y  e m p loyee
s ize ; in  th is  th e re  is  a g e n e ra l u pw a rd  tre n d  o f e x p e n d itu re  w ith  a l l  3
g roup s  in d ic a t in g  th a t f i r m s  have a need to  in c re a s e  th e ir  in s p e c tio n
budget p e r  head o f in s p e c to r  w ith  in c re a s e  in  f i r m s  s iz e . T he  u s e r
g ro u p  have a v e ry  s te a d y  g ro w th  w h ich  ag a in  s u p p o rts  th e  a rg u m e n t
th a t the  new te ch n o lo g y  is  m in im is in g  the  need to  in c re a s e  la b o u r
s u p p o rt in  the  in d ir e c t  a re a  o f In s p e c tio n  as the  f i r m s  in c re a s e  in
em p loyee  s iz e , (see A p p e n d ix  R, Index  B  and Ind e x  E ),
/ .......... -3 1 2 -
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6 .7  - A D M IM S T R A T IO N  lO T E R -R E L A T E D  R A T IO S  OP 
M A N P O W E R  B Y  BUSINESS A C T IV IT Y .
H a v in g  re v ie w e d  ra t io s  as re la te d  to  em p loyee  s iz e  f i r m  b y  f i r m  in  
s e c tio n  No: 6. 5, i t  is  in te re s t in g  to  c a r r y  out a s im i la r  a n a ly s is  o n ly  
th is  t im e  re la te  the  ra t io s  to  b u s in e ss  a c t iv it ie s ,  in  an a tte m p t to  
d e te rm in e  th e  im p a c t o f r a t io s  due to  advanced m e a s u r in g  te ch n o lo g y . 
T h e  sam e o v e ra l l  s ta t is t ic s  o f m ean va lue s  w i l l  r e s u lt  f o r  the  to ta ls  
o f a l l  20 b u s in e ss  a c t iv it ie s  as i t  d id  fo r  the  to ta l o f a l l  em p loyee  
g roup s  and the se  have a lre a d y  been e xp re sse d  u n de r each p a y ro l l  
g ro up  in  th e  p re v io u s  pages. I t  is  n e c e s s a ry  th e re fo re  to  is o la te  
any m a jo r  d if fe re n c e s  not re f le c te d  in  the  m ean va lu e s  b y  in d iv id u a l 
b u s in e ss  a c t iv it ie s .
M o n th ly  p a y ro l l  r a t in g .
I t  was a lre a d y  e s ta b lis h e d  fo r  e xam p le  th a t th e  r a t io  o f m o n th ly  
in s p e c tio n  to  to ta l  p e rs o n n e l was g re a te r  on a ve ra g e  in  u s e r f i r m s  
th a n  in  n o n -u s e r  f i r m s ,  a lth oug h  A m e r ic a n  based  u s e r f i r m s  d id  not 
fo l lo w  th is  r u le  and w e re  in  fa c t b e low  the  m ean o f n o n -u s e rs . T h is  
m aybe  due to  the  fa c t th a t a l l  b u s in e ss  a c t iv it ie s  w e re  not in c lu d e d  in  
th e  A m e r ic a n  re s u lts .  T h e  u s e r b u s in e ss  a c t iv it ie s  w h ic h  w e re  le s s  
th an  th e  n o n -u s e rs  in  te rm s  o f m o n th ly  p a y r o l l  in s p e c tio n  w e re  
defence, a i r c r a f t ,  to o ls , food p ro c e s s in g  e qu ipm en t, te le c o m m u n ic a ­
t io n s , c o n tro ls , c a s tin g s , m is c e lla n e o u s , R & D , , and d o m e s tic  
p ro d u c ts ; a l l  o th e r a c t iv it ie s  w e re  e ith e r  g re a te r  o r  equa l to  in  the  
u s e r g roup ; th is  is  show n in  A p p e n d ix  R, sheet 3, co lu m n  27. T h e  
im p lic a t io n  f r o m  th is  a n a ly s is  w ou ld  suggest th a t f i r m s  a t 2 ends o f 
a s p e c tru m  o f m a g n itu d e , n a m e ly  la rg e  com ponen ts , a ir c r a f t ,  he avy  
v e h ic le s , e t c . , a t one end, and l ig h t  e n g in e e rin g  such as to o ls , te le ­
c o m m u n ic a tio n s  and o th e r m is c e lla n e o u s  ite m s  a t the  o th e r, have a 
g re a te r  re q u ire m e n t fo r  m a n a g e rs  and th e  h ig h e s t p a id  s ta f f  to  
a d m in is te r  th e ir  f i r m s ,  i f  th e y  do not have th e  s u p p o rt a t th e ir  e lbow  
of advanced in s p e c tio n  te ch n o lo g y . T h is  h yp o th e s is  is  su p p o rte d  b y  
w hat was a lre a d y  found  w ith  m o n th ly  p a y ro l l  s ta f f  re la te d  to  
em p loyee  s iz e , th a t is ,  u s e rs  o f advanced te ch n o lo g y  have a
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d e c re a s in g  need fo r  m o n th ly  in s p e c tio n  p a y ro l l  p e rs o n n e l w ith  
in c re a s e  in  s iz e  o f f i r m .
W e e k ly  p a y ro l l  ra t io s .
T h e re  is  a s im i la r  re s u lt  fo r  w e e k ly  p a y ro l l  em p loyee s  in  in s p e c tio n  
w h e re  o n ly  7 o f th e  20 b u s in e ss  a c t iv it ie s  in  the  u s e r g ro up  exceed 
the  n o n -u s e r a c t iv it ie s  in  te rm s  of em p loyees in  w e e k ly  p a y ro l ls .  
T h e se  u s e rs  a re  de fence, m a c h in in g , e le c tro n ic s , m a ch in e  to o ls , 
m is c e lla n e o u s , R & D . , and m e d iu m  to  heavy  e n g in e e rin g . W ith  the  
exce p tio n  o f p e rha p s  de fence, a l l  o f these  p a r t ic u la r  bu s in e ss  
a c t iv it ie s  d e sp ite  in c lu s io n  in  the  u s e r g roup , a re  no t in te n s iv e  u s e rs  
o f advanced m e a s u r in g  equ ipm en t and th e re fo re  m a y  tend  to  con tinue  
w ith  o v e r-m a n n in g  p ra c t ic e s  ir re s p e c t iv e  o f th e  t im e  sa v in g  a d va n t­
ages o f th e  equ ipm en t. A l l  o f the  A m e r ic a n  f i r m s  re v ie w e d  b y  
bu s in e ss  a c t iv i t y  had fe w e r  w e e k ly  in s p e c tio n  p e rs o n n e l than  non­
u s e r f i r m s  w ith  the  e xce p tio n  o f e n g in e s ,-w h ic h  w as m a rg in a lly  
la r g e r  than  the  n o n -u s e r  eng ines, {see A p p e n d ix  R , sheet 3, 
co lu m n  26).
H o u r ly  p a y ro l l  r a t io s .
T u rn in g  to  the  h o u r ly  in s p e c tio n  p a y ro l l ,  one f i r s t  co m p a re s  i t  to  
d ir e c t  h o u r ly  e m p loye es , w h ic h  has a lre a d y  been de fine d  in  s e c tio n  
N o: 6. 5 and notes im m e d ia te ly  th a t o n ly  4 b u s in e ss  a c t iv it ie s  have 
s m a lle r  ra t io s  in  th e  u s e r g roup  as com p are d  to  the  n o n -u s e r 
g ro up , these  a re  m o to r  c a rs , m is c e lla n e o u s , in s tru m e n ts  and 
d o m e s tic  p ro d u c ts , (see A p p en d ice  R, in d e x  C, sheets  3, co lu m n  
25). W hat th is  m eans is  th a t a g re a te r  n u m b e r o f in s p e c to rs  s u p p o rt 
d ire c t  o p e ra tio n s  in  80% o f b u s in e ss  a c t iv it ie s  u s in g  advanced 
in s p e c tio n  te ch n o lo g y . T h is  re s u lt  is  fu r th e r  v a lid a te d  w ith  the  to ta l 
h o u r ly  to  h o u r ly  in s p e c tio n  r a t io  w h e re  3 b u s in e ss  a c t iv ité s  o n ly  have 
le s s  h o u r ly  in s p e c tio n  su p p o rt in  the  u s e r g ro up  n a m e ly , to o ls , food 
p ro c e s s in g  equ ipm en t and d o m e s tic  p ro d u c ts . ( A l l  o f these  b u s in e ss  
a c t iv it ie s  a re  d e s c r ib e d  as l ig h t  m a n u fa c tu r in g  and have been id e n t i­
f ie d  as not b e in g  in te n s iv e  u s e rs  o f advanced te ch n o lo g y , (see 
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c o lu m n  24 o f sam e A p p e n d ix ), A g a in  w ith  the  e xce p tio n  o f the  a fo re ­
m e n tio n e d  a c t iv it ie s  the  A m e r ic a n  u s e r g roup  exceed the  n o n -u s e r 
g ro up  in  te rm s  o f h o u r ly  in s p e c tio n  s u p p o rt, (see A p p e n d ix  R, sheet 
3, c o lu m n  24).
E m p lo ye e  ra t io s  b y  ra n k  o rd e r .
I t  is  re q u ire d  to  e s ta b lis h  a t th is  p o in t th e  re la t iv e  p o s it io n  no t o n ly  
be tw een  u s e rs  and n o n -u s e rs  o f advanced eq u ip m e n t in  each b u s in e ss  
a c t iv i t y  g ro u p in g , b u t a ls o  the  re la t io n s h ip  a c t iv i t y  to  a c t iv ity .  T h is  
is  b e s t show n in  T a b le  No: 6. 4 co n ta in in g  ra t io s  b y .ra n k  o rd e r  fo r  
u s e r and n o n -u s e r  b u s in e ss  a c t iv it ie s .  T h e  le f t  hand s id e  o f each 
co lu m n  has th e  u s e r ra n k  o rd e r  and the  r ig h t  hand s ide  d is p la y s  the 
n o n -u s e r  f i r m s  in  th a t p a r t ic u la r  b u s in e ss  a c t iv ity .  One o b se rve s  
fo r  e xa m p le , th a t th e  b u s in e ss  a c t iv i t y  w ith  th e  la rg e s t  p e rce n ta g e  o f 
h o u r ly  in s p e c tio n  to  to ta l h o u r ly  p e rs o n n e l is  m e d iu m  to  heavy  
e n g in e e rin g , second in  la rg e s t  ra n k  o rd e r  is  te le c o m m u n ic a t io n s  and 
th i r d ,  m a c h in in g . T h e  n o n -u s e r  f i r m s  in  b u s in e s s  a c t iv it ie s  have 
d o m e s tic  p ro d u c ts  as f i r s t ,  eng ine  m a n u fa c tu re  as second and 
in s tru m e n ts  th i r d .  S e v e ra l o b s e rv a tio n s  a re  o f im m e d ia te  in te re s t .  
C o m p a rin g  th e  to p  3 ra n k in g s  be tw een  u s e r and n o n -u s e r  shows an 
a lm o s t o p po s ite  c o n d it io n  in  th a t d o m e s tic  p ro d u c ts  is  f i r s t  f o r  the  
n o n -u s e r  y e t la s t  f o r  th e  u s e r. F i r m s  m a k in g  d o m e s tic  p ro d u c ts  
and u t i l is in g  advanced m e a s u r in g  te c h n o lo g y  have le a s t need fo r  
h o u r ly  in s p e c tio n  m a n p o w e r w h ile  f i r m s  m a k in g  d o m e s tic  p ro d u c ts  
w ith o u t u t i l is in g  advanced m e a s u r in g  te ch n o lo g y  have  g re a te s t need 
fo r  h o u r ly  in s p e c tio n  m a n p o w e r, A  s im i la r  o b s e rv a tio n  a p p lie s  to  
te le c o m m u n ic a t io n  e qu ip m e n t m a n u fa c tu re rs  w h e re  the  re la t io n s h ip  
be tw een  u s e rs  and n o n -u s e rs  o f advanced m e a s u r in g  te c h n o lo g y  was 
found  to  be 2 to  19 in  ra n k  o rd e r  re s p e c t iv e ly .  O th e rs  in  the  m id d le  
ra n ge s  o f th e  ra n k  o rd e r  w e re  not so acu te  b u t im p lic a t io n s  can  be 
e s ta b lis h e d , f o r  exa m p le , m a ch in e  to o ls  have a lo w  r a t io  o f h o u r ly  
in s p e c to r  to  to ta l p e rs o n n e l as u s e rs  ye t as n o n -u s e rs  th e y  a re  not 
m u ch  d if fe re n t .  T h is  r e s u lt  is  not unexpected  as th e  p e r fo rm a n c e  of 
B r i t is h  m a ch in e  to o l in d u s try  tends to  be som ew ha t e r r a t ic  (55),
T h is  re s e a rc h  in d ic a te s  th a t, d e sp ite  the  advantages o f advanced 
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T A B L E  No: 6. 4
RATIOS BY RANK ORDER FOR USER AND NON-USER
B u sin ess
A ctiv ity :
1
H ourly Insp. 
to T o ta l 
Hourly:
U ser : Non U:
2 .
H ourly Insp. 
to D ire ct  
Hourly:
U ser: Non U:
3
W eekly Insp, 
to T ota l 
P erso n n el:  
U ser: Non U:
4
M onthly 
to T o ta l 
P e r s o n n e l • 
U ser: Non U:
5
B udget p er  
head of 
In spection : 
U ser: Non Ü:
1, D efen ce 14 9 12 8 2 8 14 7 3 6
2. A irc ra ft 13 18 10 18 5 1 5 2 10 12
3. T o o ls 16 7 18 15 17 7 12 6 11 9
4. M achining 3 10 16 12 1 13 4 12 19 11
5. E n gin es 9 2 6 7 15 14 7 20 1 16
6. P u m p s 4 17 8 6 10 5 2 11 15 3
7. T ru ck s 15 13 13 5 16 10 8 16 2 1
8, Food  P r o c e s s in g 19 8 19 9 -  20 9 11 5 9 5
9. T e leco m m u n ica tio n 2 19 4 19 19 15 17 3 6 14
1 0 .E le c tr o n ic s 7 5 9 10 13 16 6 9 8 2
11. Ma ch ine T o o ls 18 14 15 13 12 17 18 19 13 13
12. C ontrols 17 16 1 16 7 3 9 8 16 10
13. C astings 5 6 5 11 4 4 20 10 12 17
14. Mot or 12 2 11 4 3 2 10 15 14 20
15. M isce lla n eo u s 6 4 14 1 6 12 13 4 7 18
16.R  & D. 11 20 3 20 8 19 16 1 20 4
17.P la s t ic s 8 15 7 17 14 6 19 13 18 8
18 .M ed iu m /H eavy 1 11 2 14 9 20 3 14 4 7
1 g .Instru m en ts 10 ■ 3 17 2 11 11 1 17 5 15
2 0 .D o m estic  P rod . 20 ■ 1 20 3 18 18 15 13 17 19
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te ch n o lo g y , th e y  con tinue  to  use heavy  in s p e c tio n  m an p o w e r.
R e v ie w in g  th e  o rd e r  o f the  u s e r co lu m n  on ly , one no tes th a t the  top  
3 -  m e d iu m  to  heavy  e n g in e e rin g , te le c o m m u n ic a tio n s  and m a c h in in g , 
a re  pe rhap s  the  p o o re s t u se rs  o f advanced m e a s u r in g  equ ipm en t as 
re f le c te d  in  th e  s u rv e y . (The  f i r m s  in  these  b u s in e ss  a c t iv it ie s  
tended to  have o n ly  one m e a s u r in g  m a ch in e  ir r e s p e c t iv e  o f em p loyee  
s iz e ) . T h is  p o in t is  fu r th e r  c la r i f ie d  w ith  f i r m s  in  th e  bus in ess  
a c t iv it ie s  h a v in g  th e  le a s t h o u r ly  in s p e c tio n  ra t io s  in  th e  u s e r co lu m n  
n a m e ly , t r a c to r / t r u c k s ,  a ir c r a f t ,  de fence and m o to r ,  w h ich  have a l l  
been id e n t if ie d  as in te n s iv e  u se rs  o f advanced m e a s u r in g  equ ipm en t.
T u rn in g  to  c o lu m n  2, one re v ie w s  the  r a t io  o f h o u r ly  in s p e c to r  to  the  
d ire c t  h o u r ly  em p lo ye e , and re c a lls  th a t the  d ire c t  h o u r ly  em p loyee  
is  c la s s if ie d  as one who adds va lu e  to  a p ro d u c t. T h e  re la t iv e  ra n k  
o rd e r  be tw een  c o lu m n  1 and 2 u s e rs  has a s im i la r  p la c in g  w ith  the  
e xce p tio n  o f m a c h in in g , w h ic h  ju m p s  f r o m  ra n k  o rd e r  3 to  16; th is  
suggests  th a t th e re  a re  m a n y  o th e r in d ire c t  h o u r ly  p e rs o n n e l in  the  
f i r m  as w e l l  as in s p e c tio n  p e rs o n n e l m a k in g  th e  h o u r ly  d ire c t  
to  to ta l h o u r ly  lo o k  in e f f ic ie n t ;  th is  w ou ld  be d i f f ic u l t  to  p ro ve  
be tw een  d if fe re n t  b u s in e ss  a c t iv it ie s .  T h e  o th e r e x c e p tio n a l d i f f e r ­
ence was in  c o n tro ls , w h ic h  was the  in v e rs e  o f th e  p re v io u s  
e xa m p le , ra n ke d  a t one f o r  co lu m n  3 and 17 f o r  c o lu m n  1, in d ic a tin g  
a good ra t io  o f d ire c t  h o u r ly  to  to ta l h o u r ly ,  th a t is  m o re  people  
m a k in g  th in g s  to  those  a s s is t in g . T h is  a p p lie s  to  th e  c o n tro ls - ty p e  
b u s in e ss  a c t iv i t y  w h ic h  encom passes h y d ra u lic s , f lo w -m e te rs  and 
th e  l ik e ,  and in d ic a te s  good u t i l is a t io n .  U s e r  f i r m s  in  b u s iness  
a c t iv it ie s  in  co lu m n  2 a re  a lm o s t id e n t ic a l to  c o lu m n  1 fo r  ra n k  
o rd e r  and i t  is  not n e c e s s a ry  to  d is cu ss  th is  fu r th e r  a t th is  stage.
W e e k ly  p a y ro l l  ra t io s .
T h is  re s e a rc h  showed e a r l ie r  the  d if fe re n c e s  be tw een  h o u r ly  in s p e c t­
io n  m a n p o w e r to  w e e k ly  and m o n th ly  in s p e c tio n  m an po w e r when 
co m p a re d  in  u s e r and n o n -u s e r g roups w ith in  em p loyee  s iz e . I t  
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in d ic a te d  th a t u s e rs  had m o re  h o u r ly  in s p e c tio n  bo th  re la te d  to  to ta l 
h o u r ly  and d ire c t  h o u r ly  than  n o n -u s e r f i r m s ,  ye t fo r  w e e k ly  and 
m o n th ly  in s p e c tio n  p e rs o n n e l the re v e rs e  was t ru e ,  m o re  n u m ero u s  
in  the  n o n -u s e r  f i r m s .  T h e re  w e re  som e e xce p tio n s  to  th is  in  the  
v a r io u s  e m p lo ye e  s iz e  se c tio n s  b u t the  a b ovem en tioned  p a tte rn  was 
o f a g e n e ra l r u le .  How does th is  a p p ly  to  w e e k ly  in s p e c tio n  as 
re v ie w e d  b y  b u s in e ss  a c t iv i t y  ra n k  o rd e r?  I t  is  no ted  f o r  e xam p le , 
f r o m  T a b le  No: 6, 4 and A p p e n d ix  R , co lu m n  3 th a t m a c h in in g  has 
th e  h ig h e s t p e rce n ta g e  w e e k ly  in s p e c tio n  and th is  c o r re la te s  w ith  the  
r a t io  f o r  h o u r ly  to  to ta l h o u r ly  in  c o lu m n  1.
H o w e ve r th is  is  one o f the  fe w  e xce p tio n s , ra n k  o rd e r  2 in  c o lu m n  3 
is  defence a g a in s t 14 and 12 in  co lu m n s  1 and 2 re s p e c t iv e ly ,  
e q u a lly  ra n k  o rd e r  3 is  m o to r  c a r  m a n u fa c tu re , w h ile  th is  sam e 
b u s in e ss  a c t iv i t y  is  ra n ke d  12 and 11 in  co lu m n s  1 and 2 re s p e c t iv e ly .  
R e c a llin g  th a t th e  h ig h e r  th e  ra n k  o rd e r  ra t in g , 1 b e in g  h ig h e s t, the  
g re a te r  the  n u m b e r o f w e e k ly  in s p e c to rs  as a p e rce n ta g e  o f to ta l 
e m p lo ye e s . T h is  re s u lt  show s th a t w ith  advanced m e a s u r in g  e q u ip ­
m e n t th e  fo llo w in g  b u s in e ss  a c t iv it ie s  have the  g re a te s t n u m b e r o f 
in s p e c to rs , v iz : -  m a c h in in g , de fence and m o to r .  A t  th e  o th e r end o f 
the  ta b le  the  fo llo w in g  b u s in e ss  a c t iv it ie s  u s in g  advance  te ch n o lo g y  
have the  le a s t w e e k ly  in s p e c to rs , v iz : -  food  p ro c e s s in g  e qu ip m e n t, 
te le c o m m u n ic a t io n s  and d o m e s tic  p ro d u c ts . T h e  n o n -u s e r f i r m s  in  
b u s in e ss  a c t iv it ie s  fo r  co lu m n  3 aga in  show w h e re  th e  h ig h e s t 
n u m b e r o f w e e k ly  in s p e c to rs  a re  found  and these  a re  v iz : -  a i r c r a f t ,  
m o to r  and c o n tro ls ,  in d ic a t in g  a need to  re p la c e  th e  la c k  o f te c h n o ­
lo g y  w ith  hum an  su p p o rt.
M o n th ly  s ta f f  p a y ro l l .
C o lu m n  4 in  T a b le  No: 6, 4 lo o ks  at the  m o n th ly  s ta f f  r a t io  and the  
u s e r f i r m s  aga in  have som e c o m m o n a lity  w ith  the w e e k ly  and h o u r ly ,  
a lthoug h  e xce p tio n s  a re  o b se rve d  even in  ra n k  o rd e r  1, in s tru m e n ts , 
w h e re  the  c o m p a ra b le  ra n k  o rd e rs  a re  m uch  lo w e r  fo r  w e e k ly  and 
h o u r ly ,
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B udge t p e r  head o f in s p e c tio n .
C o lu m n  5 o f T a b le  No: 6, 4 ra n k s  the  budget p e r  head o f in s p e c tio n  
p e rs o n n e l b y  b u s in e ss  a c t iv ity .  I t  seeks to  r e f le c t  th e  f i r m s  in  
b u s in e ss  a c t iv it ie s  who a re  spend ing  the  g re a te s t am oun t o f m oney 
p e r  annum  on th e i r  fu n c tio n s , ra n k  o rd e r  one b e in g  th e  h ig h e s t.
F ir m s  spend ing  le a s t m oney a re  show n at the  b o tto m  end o f the  sca le . 
T h e  top  3 in  the  u s e r g roup  a re  eng ines, t r u c k s / t r a c to r s  and de fence, 
su g g e s tin g  th a t f i r m s  in  these  typ e s  o f a c t iv it ie s ,  h a v in g  a lre a d y  
in ve s te d  in  c a p ita l p ro je c ts  f o r  advanced m e a s u r in g  m a ch in e s , a re  
c o n tin u in g  to  s u p p o rt the  use of th is  equ ipm en t w ith  h ig h ly  s k i l le d  and 
expens ive  m a n p o w e r. P la s t ic s ,  m a c h in in g  and R & D . , ap pea r a t the 
o th e r end o f the  sca le  te n d in g  to  spend le a s t m o n ey  p e r  head o f 
in s p e c tio n  p e rs o n n e l d e sp ite  us in g  advanced in s p e c tio n  te ch n o lo g y .
N o n -u s e r f i r m s  in  b u s in e ss  a c t iv it ie s  such as t r u c k s / t r a c to r s ,  
e le c tro n ic s  and pum ps w e re  found  to  be spend ing  m o s t in  su p p o rt o f 
th e ir  in s p e c tio n  fu n c tio n s , pe rha p s  as a re p la c e m e n t f o r  te ch n o lo g y . 
M is c e lla n e o u s , d o m e s tic  p ro d u c ts  and m o to r  c a rs  in  the  n o n -u s e r 
g ro up  tended to  spend le a s t m oney  in  su p p o rt o f th e i r  in s p e c tio n  
fu n c tio n . I t  is  in te re s t in g  to  o b se rve  a t th is  p o in t th a t a l l  3 o f th ese  
b u s in e ss  a c t iv it ie s  appear m o re  th a n  tw ic e  in  the  u p pe r s e c tio n  o f 
T a b le  N o: 6. 5 in d ic a tin g  p o o r e ffe c tiv e n e s s  in  te rm s  o f m a n po w e r.
R ank o rd e r  o f b u s in e ss  a c t iv it ie s .
T a b le  No: 6. 5 shows the  b e s t and w o rs t r a t io  c o n d itio n s  by  ra n k  o rd e r  
in  each b u s in e ss  a c t iv ity .  T h e  upper s e c tio n  o f T a b le  No: 6. 5 shows 
the  top  4 b u s in e ss  a c t iv it ie s  fo r  f i r m s  us in g  and no t u s in g  advanced 
in s p e c tio n  te ch n o lo g y . W h e re  a b u s in e ss  a c t iv i t y  appe a rs  in  m o re  
than  one co lu m n  i t  has been u n d e rlin e d , th is  tends to  re f le c t  a p a tte rn  
th a t in d ic a te s  a f a i r l y  c o n s is te n t r e s u lt  as o n ly  6 a c t iv it ie s  do not 
appea r tw ic e  in  th e  to p  g roup , th a t is  u s e r g ro up , and o n ly  4 appear 
one t im e  o n ly  f o r  the  n o n -u s e r g roup .
A s  these  a c t iv it ie s  have the  h ig h e s t ra n k  o rd e r  th e n  th e y  c o rre s p o n d ­
in g ly  have the  g re a te s t in s p e c tio n  m a nn ing  in  each c a te g o ry . F o r  the 
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u s e r  g ro up  i t  suggests  th a t th e y  a re  th e  le a s t e f fe c t iv e  at re d u c in g  
th e i r  m a n p o w e r o f a l l  20 u s e r b u s in e ss  a c t iv it ie s  d e sp ite  the  a d va n t­
ages o f advanced m e a s u r in g  eq u ip m e n t. T h e  n o n -u s e r  g ro up  in  th is  
u p pe r s e c tio n  ag a in  have the  g re a te s t n u m b e r o f in s p e c tio n  p e rs o n n e l 
o f a l l  20 n o n -u s e rs  b u s in e ss  a c t iv it ie s .  T he  lo w e r  s e c tio n  o f T a b le  
No: 6. 5 id e n t if ie s  th e  b o tto m  4 b u s in e ss  a c t iv it ie s  in  each o f the  2 
g ro u p s , u s e r and n o n -u s e r; ag a in  the  a c t iv it ie s  have  been u n d e r­
l in e d  i f  th e y  a p pea r m o re  than  once, note  th a t o n ly  4 a c t iv it ie s  appea r 
in  the  u s e r g ro u p  and 5 ap pe a r once o n ly  in  the  n o n -u s e r  g ro u p .
T h is  in d ic a te s  a s im i la r  c o n s is te n c y  at the  b o tto m  to  th a t w h ic h  is  
o b se rve d  a t th e  to p , th a t is ,  the  sam e b u s in e ss  a c t iv it ie s  a re  a p p e a r­
in g  th ro u g h o u t. B o th  g roups  have th e  in v e rs e  r e s u lt  to  the  top  s e c tio n  
in  th a t th e  f i r m s  w ith in  th ese  b u s in e ss  a c t iv it ie s  have th e  s m a lle s t 
n u m b e r o f in s p e c tio n  p e rs o n n e l as a p e rce n ta g e  o f o th e r  to ta ls .  T h is  
suggests  th a t th e  u s e r g ro u p  o f a c t iv it ie s  a re  r e a l ly  u s in g  th e ir  
advanced te c h n o lo g y  b y  m in im is in g  th e ir  la b o u r  fo rc e ;  i t  a lso  suggests  
th a t th e  n o n -u s e r  f i r m s  in  the  b o tto m  g ro u p in g  have the  lo w e s t 
n u m b e r o f in s p e c tio n  p e rs o n n e l b u t w ith o u t th e  s u p p o rt o f advanced 
te ch n o lo g y . T h is  cou ld  le a d  to  a lo w e r in g  o f the  q u a li ty  s ta n d a rd s  
w ith in  the se  f i r m s .
/ . . . ,  - 322-
6 .8  - A N A L Y S IS  O F 18 Q U A L IT Y  C O N TR O L O R G A N IS A T IO N  
C H A R TS .
In tro d u c tio n .
T h e  re s e a rc h  now se le c ts  and d is p la y s  18 o rg a n is a tio n  s tru c tu re  la y ­
outs f r o m  th e  100 f i r m s  exam ined  in  th is  s e c tio n  o f the  s tu d y  w ith  the  
o b je c tiv e  o f te s t in g  th e o ry  and d e ve lo p in g  fu r th e r  co n c lu s io n s  and 
im p lic a t io n s  on the  im p a c t and p ro b le m  o f advanced m e a s u r in g  
m a ch in e s  on o rg a n is a tio n  s tru c tu re s .  T hese  d is p la y s  have been 
g rouped  in  9 p a ir s  in  o rd e r  th a t c o m p a ris o n s  can be m ade o f u s e rs  
and n o n -u s e rs  o f advanced in s p e c tio n  te ch n o lo g y  and a lso  c o m p a r i­
sons can be m ade o f A m e r ic a n  f i r m s  a g a in s t B r i t is h  based f i r m s  
bo th  in  u s e r and n o n -u s e r c la s s if ic a t io n , (see T a b le  No: 6. 6).
E v o lu t io n  o f the  q u a li ty  c o n tro l fu n c tio n .
P r io r  re s e a rc h  b y  J u ra n  (53) has show n th a t, w ith  th e  e v o lu tio n  o f 
o rg a n is a tio n  s tru c tu re s  fo r  q u a lity  c o n tro l,  changes in  the  s tru c tu re s  
cam e about in  a s e r ie s  o f e ra s , not because o f th e  f i r m 's  in te rn a l 
needs bu t m o re  so because  o f new te ch n o lo g y , new  s y s te m s , new 
fa s h io n s , new c o n tro l m e thods and so on. O b s e rv a tio n s  w e re  m ade 
o f the  g ro w th  o f s ta t is t ic a l  q u a lity  c o n tro l and th e  in tro d u c t io n  o f the  
concep t o f the  r e l ia b i l i t y  e n g in e e r and the  subsequent g ro w th  o f s ta f f  
fu n c tio n s  a n a ly s in g  data  f r o m  w h ich  in fo rm a t io n  co u ld  be d e r iv e d  to  
p e rm it  l in e  m anagem ent to  m ake  b e tte r  d e c is io n s . I t  is  v e ry  in te r e s t ­
in g  to  re v ie w  18 c u r re n t  o rg a n is a tio n  s tru c tu re s  to  d e te rm in e  i f  
p o s s ib le , w ha t causes the  shape o f th is  s t ru c tu re  to  be w hat i t  is ;  
w hat p ro p o r t io n  be longs to  the  ’’ e v o lu tio n "  as d e s c r ib e d , and w hat 
p ro p o r t io n  to  th a t o f th e  needs o f the  f i r m  fo r  b a s ic  c o n tro l o f i ts  
q u a lity .  In  m a n y  in s ta n ce s  th e re  is  a need f o r  the  f i r m  to  keep a l l  o f 
i ts  d if fe re n t  fu n c tio n s  in  th e  sam e h ie ra r c h ic a l s t ru c tu re  and nom en- 
c la to r .  T h is  re s e a rc h  seeks to  d e te rm in e  i f  th e  u s e r  o f advanced 
te ch n o lo g y  has to  have a d if fe re n t type  o f s t ru c tu re  be i t  re la te d  to  
p y ra m id  shape, p o s it io n  t i t le s ,  h ie ra r c h ic a l le v e ls  o r  span o f c o n tro l.  
In  the  p re v io u s  s e c tio n  i t  was shown th a t th e re  is  a d is t in c t  
c o r re la t io n  be tw een  th e  s iz e  o f the  f i r m  in  te rm s  of em p loyees and
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the  n u m b e r of in s p e c tio n  p e rs o n n e l em p loyed . T a b le  No: 6. 6, 
co lu m n  7, shows the  d if fe re n c e  in  p e rcen tages  o f in s p e c tio n  
p e rs o n n e l a g a in s t to ta l em p loyees . T he  u s e r f i r m s  tend  to  be 
g re a te r  in  a l l  cases o f the  c o m p a ris o n . T h is  fa c t co u ld  suggest th a t 
u s e r f i r m s  have a m uch  g re a te r  o v e ra l l  c o n ce rn  f o r  q u a lity  and a re  
p re p a re d  to  s u p p o rt th is  w ith  a s u b s ta n tia l n u m b e r of in s p e c tio n  
p e rs o n n e l, w h ic h  su g g e s tio n  is  re -e n fo rc e d  b y  th e  la r g e r  am ount o f 
fin a n c e  p laced  on the  annua l budget o f these  f i r m s  in  c o n tra s t to  the  
n o n -u s e r f i r m s .  T h is  p o in t is  show n in  T a b le  No: 6. 6, co lu m n  9, 
d e sp ite  the  fa c t th a t data was not a v a ila b le  fo r  a l l  18 f i r m s  show ing  
th e  pounds s te r l in g  p e r  e m p loyee . One e xce p tio n  to  th e  re s u lts  was 
E . M . I. , w ho spent £428. 00 p e r  em p loyee  on in s p e c tio n , th is  b e in g  a 
c o m p a ra b le  am oun t to  u s e r f i r m s .  ( I t  is  w o r th  n o tin g  th a t E , M . I . , 
in t im a te d  in  th e ir  re tu rn e d  q u e s tio n n a ire  f r o m  the  f ie ld  s u rv e y , th e ir  
in te n t io n  to  bu y  a c o -o rd in a te  m e a s u r in g  m a ch in e  in  the  co u rse  o f 
1978).
A n  o th e r avenue m a y  suggest th a t new te ch n o lo g y  in tro d u c e d  does not 
re d u ce  peop le  as som e advoca tes o f a u to m a tio n  w ou ld  in d ic a te , bu t 
indeed  i t  adds m o re  peop le  and in  e ffe c t h ig h e r  s k i l le d  peop le  a t th a t. 
A g a in  is  th is  not the  d ire c t io n  of a l l  m a n u fa c tu r in g  in d u s try ?  T he  
Japanese fo r  e xa m p le , d e sp ite  th e ir  own u n e m p lo ym e n t p ro b le m s , 
a re  p u sh in g  v e ry  m u ch  ahead w ith  th e ir  M . U . M . , p ro je c ts  
(M e th o d o lo g y  fo r  U nm anned M e ta lw o rk in g ) , b u t th e  s tage  p r io r  to  
f u l ly  au to m a ted  fa c to r ie s  m u s t, i t  seem s in  essence , see a dec ided  
d ro p  in  b lu e  c o l la r  w o rk e rs  w ith  a c o rre s p o n d in g  in c re a s e  in  w h ite  
c o l la r  w o rk e rs  a lthough  not to  th e  sam e p ro p o r t io n . In  s h o r t, the  
f i r m s  exam in e d  in  th is  re s e a rc h  who have in v e s te d  in  f r in g e  te ch n o ­
lo g y  such as c o m p u te r-a id e d  c o -o rd in a te  m e a s u r in g  m ach ines  to  
back  up th e i r  a lre a d y  e s ta b lish e d  m e ta l c u tt in g  advanced te ch n o lo g y  
such as CNC m a ch in e  to o ls , cou ld  be the  p io n e e rs  of change f r o m  
m a n ua l to  know ledge  w o rk e rs  in  an in c re a s in g  and a c c e le ra tin g  
ra te  (56).
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Results from survey of 9 pairs of organisation structures.
P a ir  No; 1 .
F e r r a n t i ,  A p p e n d ix  S ( re f ;  075-216) f o r  exam p le , a re  not o n ly  a u s e r 
o f c o m p u te r-a id e d  c o -o rd in a te  m e a s u r in g  m a ch in e s , C M M , bu t th e y  
a lso  m a n u fa c tu re  th e m  a t th e ir  D a lk e ith  fa c to ry  n e a r E d in b u rg h , 
w ith  a 10% in s p e c tio n  fo rc e  to  to ta l m an po w e r, and u n d isc lo se d  
budget, F e r r a n t i  have a s tru c tu re  w ith  4 le v e ls  not in c lu d in g  the  
fu n c t io n a l re la t io n s h ip  w ith  th e  o v e ra l l  q u a lity  m a n a g e r fo r  S co tland , 
and the  p e e r re la t io n s h ip  w ith  the  c e n tra l s e rv ic e s  g ro up , w h ich  
p ro b a b ly  tends  to  h id e  som e s e rv ic e s  w h ich  a n o th e r o rg a n is a tio n  m a y  
in c lu d e  in  i ts  p y ra m id . T h e  span o f c o n tro l fo r  the  q u a lity  m a n a g e r 
is  3 thus  p ro d u c in g  a 3 b y  4 p y ra m id  fo r  a te n  p e rc e n t sh a re  o f the  
to ta l g ro up  m a n p o w e r m a k in g  a squat typ e  s t ru c tu re .  I t  is  in te r e s t ­
in g  to  note  about F e r r a n t i  t h e i r  p re fe re n c e  f o r  the  p o s it io n  t i t le  o f 
"e n g in e e r" ;  th is  is  in  keep ing  w ith  the  n a tu re  o f th e ir  o v e ra l l  b u s in e ss  
w h ic h  tends to  be o r ie n ta te d  to w a rd s  re s e a rc h  d eve lo p m en t and 
in n o v a tio n  o f p ro d u c t as co m p a re d  to  the  ty p ic a l m a n u fa c tu r in g  o rg a n ­
is a t io n  w h ic h  is  p r im a r i ly  co n ce rn e d  w ith  m a n u fa c tu r in g ,
G, E . C . ,  M e a su re m e n ts  L t d . ,  A p p e n d ix  S, ( re f :  2 1 -075 ), a re  a non­
u s e r o f advanced m e a s u r in g  equ ipm en t. T h e y  have a seven  p e rc e n t 
in s p e c tio n  m a n p o w e r to  to ta l m a npow er and an u n d is c lo s e d  expense 
budget. T h e  p y ra m id  in  th is  case is  v e ry  squat, co n seq u e n tly  g iv in g  
th e  in s p e c tio n  m a n a g e r a w ide  span o f c o n tro l and o n ly  3 le v e ls  o f 
m anagem ent h ie ra rc h y .  T h is  th e n  seem s ty p ic a l o f a n o n -u s e r 
s t ru c tu re  as the  in tro d u c t io n  o f advanced te ch n o lo g y  w ou ld  have 
c re a te d  a fu r th e r  d iv is io n  re d u c in g  the  span o f c o n tro l and m a k in g  the 
p y ra m id  s l ig h t ly  t a l le r  ye t pe rhaps m o re  e ffe c t iv e . T h e  F e r r a n t i  
s t ru c tu re  i l lu s t r a te s  th is  v e r y  p o in t.
P a i r  No: 2.
C o m p a ris o n  is  m ade be tw een  2 u s e r f i r m s ,  one A m e r ic a n  based and 
the  o th e r B r i t is h  based, bo th  m a k in g  in d u s t r ia l  eng ines. F a irb a n k s  
M o rs e , A p p e n d ix  S, ( re f :  026-106), is  an A m e r ic a n  f i r m  e m p lo y in g  
/ . . . ,  -3 2 6 -
1, 300 peop le  w ith  a f iv e  p e rc e n t in s p e c tio n  m a n p o w e r. T h e y  a llo c a te  
£386 p e r  head p e r  annum  p e r  e m p loyee  to w a rd s  in s p e c tio n . T he  
s tru c tu re  has a 4 b y  3 p y ra m id  no t u n lik e  F e r r a n t i  w ith  c le a r  and 
d e f in ite  l in e s  o f com m and . One notes the  p o s it io n  t i t l e  f o r  the  m o s t 
s e n io r  q u a li ty  m an as m a n a g e r q u a lity  a ssu ra n ce . T h e  em phas is  is  
on a ssu ra n ce  and has a fa s h io n a b le  app ro ach  to  the  w ho le  concept o f 
q u a lity  c o n tro l;  F a irb a n k s  M o rs e  m ake  in te n s iv e  use o f c o m p u te r-  
a id e d  c o -o rd in a te d  m e a s u r in g  m a ch in e s . C u m m in s  E n g in e s , 
A p p e n d ix  S, ( re f :  10 6 -0 26 ), a lthough  based in  B r i t a in  a re  in  e ffe c t an 
A m e r ic a n  owned com pany. N e ith e r  th e  n u m b e r o f in s p e c tio n  
em p loyees no t th e  annua l budget w e re  a v a ila b le , th e re fo re  d ire c t  
c o m p a ris o n s  cannot be d e r iv e d , except to  say th a t C u m m in s  is  
ro u g h ly  tw ic e  as la rg e  as F a irb a n k s  M o rs e , ta ke n  p la n t to  p la n t. 
C u m m in s  have a f a i r l y  re g u la r  shaped s t ru c tu re  w ith  a 2 b y  3 p y ra ­
m id , th a t is  2 d iv is io n s  o f span and 3 le v e ls  o f h ie ra rc h y .  T he  
C u m m in s  q u a l i ty  o rg a n is a tio n , l ik e  F a irb a n k s  M o rs e , m ake  e x te n ­
s iv e  use o f m e a s u r in g  te ch n o lo g y . N ote  once a g a in  the  p o s it io n  t i t le  
g iv e n  to  th e  to p  q u a l i ty  e xe cu tive , r e l ia b i l i t y  m a n a g e r. T he  
em phas is  is  on the  p ro d u c t and no t th e  b u s in e ss  o f c o n tro ll in g  
in te rn a l a c t iv it ie s  o f th e  f i r m .
P a i r  No: 3.
T he  next p a ir  o f com pan ies  a re  not in  the  sam e b u s in e ss  a c t iv i t y  bu t 
th e y  a re  u s e rs  and n o n -u s e rs  o f advanced te ch n o lo g y , A n d e rs o n  
S tra th c ly d e , A p p e n d ix  S, ( re f:  270-108), f o r  e xa m p le  is  a v e ry  o ld  
f i r m  h a v in g  m e rg e d  s e v e ra l t im e s  w ith  o th e r f i r m s  and conseq u e n tly  
changed th e i r  nam e. T h e  b a s ic  b u s in e ss  in te re s t  is  m in in g  eq u ip ­
m e n t w ith  one m a jo r  c u s to m e r n a m e ly , the  N a tio n a l C oa l B o a rd , 
T h e y  e m p lo y  2, 000 peop le  and th is  in c lu d e s  89 in s p e c tio n  p e rs o n n e l 
o r  fo u r  p e rc e n t. T h e ir  expense budget was not a v a ila b le . T h e  
s t ru c tu re  is  s im p le  to  say  the  le a s t bu t is  in  ke e p in g  w ith  the  lo w  
p e rce n ta g e  o f in s p e c tio n  m a n po w e r c o v e r in g  th e  p ro d u c t. T h e  one 
p o s it iv e  aspect o f th e  o rg a n is a tio n  is  p ro b a b ly  the  p o s it io n  t i t le  g iven  
to  the m o s t s e n io r  q u a lity  m a n a g e r w h ich  reads  q u a li ty  c o n tro l and 
te s t m a n a g e r, th e  w o rd  te s t has a co n no ta tio n  re la te d  to  s a fe ty  w h ich  
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w o u ld  be o f p r im e  co n c e rn  fo r  m in in g  e qu ipm en t. A n d e rs o n  S tra th ­
c lyd e  is  a com pany w h ich  has com e th ro u g h  som e v e ry  d i f f ic u lt  
f in a n c ia l c r is e s  in  i ts  lon g  y e a rs  o f b u s in e ss , m a in ly  due to  th e ir  
dependence on the  N a tio n a l C oa l B o a rd  and flu c tu a tio n s  b y  v a r io u s  
g o ve rn m e n ts  on e n e rg y  p o lic ie s .  T h is  m aybe one o f the  reason s  w hy 
th e re  have been so m a n y  m e rg e rs  w ith  o th e r f i r m s  in  o rd e r  to  s u rv ­
iv e  these  p e r io d s  o f h ig h  r is k .  T hus i t  m aybe  th a t unde r such d i l ­
em m as, f i r m s  l ik e  A n d e rs o n  S tra th c ly d e  have not in v e s te d  in  advan­
ced in s p e c tio n  equ ipm en t d e sp ite  the  p o s s ib le  advantages to  im p ro v e  
q u a li ty  and e ff ic ie n c y . D o n c a s te r M on k  B r id g e  L t d . , A p p e n d ix  S,
( r e f :1 08 -270 ), a re  lo c a te d  a t L e ed s , E ng land  and a re  in  the  b u s in e ss  
o f c a s tin g  h ig h  p re c is io n  fo rg in g s . T h is  f i r m  w ith  1, 000 em p loyees 
and a tw e n ty - f iv e  p e rc e n t in s p e c tio n  to g e th e r w ith  a £600 p e r  head o f 
em p loyee  p e r  annum  budget f o r  in s p e c tio n , m akes he avy  use of 
c o m p u te r-a id e d  m e a s u r in g  equ ipm en t and o th e r advanced te ch n o lo g y  
w h ic h  is  in  ke e p in g  w ith  the  h ig h  p re c is io n  re q u ire m e n ts  put on th e ir  
p ro d u c ts . T h e  to p  q u a lity  m a n a g e r p o s it io n  is  c a lle d  te c h n ic a l 
m a n a g e r, and in  a d d itio n  to  th e  re s p o n s ib il i t ie s  o f q u a lity ,  h is  span 
o f c o n tro l in c lu d e s  new p ro c e s s  d e ve lo p m en t. O th e r  com pan ies m a y  
have re la te d  h im  to  the  c h ie f e n g in e e r. H e re  ag a in  one de te c ts  the  
in flu e n c e  o f te ch n o lo g y  b y  the  w id e  span o f c o n tro l o f the  top  m an  in  
c o m p a ris o n  w ith  o th e r  f i r m s .  In  a p re v io u s  s e c tio n  of th is  c h a p te r i t  
was conc luded  th a t te ch n o lo g y  has an in f lu e n c e  on b o th  v e r t ic a l  and 
h o r iz o n ta l d if fe re n t ia t io n .  (E xa m p le , D o n c a s te r M o n k  B r id g e  L td ) .
P a i r  No: 4.
R o lls  R oyce , A p p e n d ix  S ( re f :  066-044), has a h ig h  re p u ta t io n  fo r  
q u a lity ,  and one o f i ts  o rg a n is a tio n  s tru c tu re s  f r o m  its  m any fa c to r ie s  
shou ld  show  som e in te re s t in g  co n c lu s io n s . In  t h e i r  a e ro  engine p la n t 
at Lo ug h b o ro u g h , R o lls  R oyce have a to ta l m a n p o w e r o f 1, 200 peop le  
tw e n ty -s ix  p e rc e n t o f w hom  a re  in v o lv e d  d ir e c t ly  on in s p e c tio n  w o rk . 
T he  budget fo r  in s p e c tio n  p e r head o f em p loyee  p e r  annum  is  £630, 
the  h ig h e s t f ig u re  ye t re c o rd e d  fo r  the  18 f i r m s  u n de r re v ie w  in  th is  
se c tio n . T h e  o rg a n is a tio n  s t ru c tu re  is  a lm o s t a m o d e l fo r  q u a lity  
c o n tro l,  in  th a t th e  m o s t s e n io r  q u a lity  m a n ag e r n a m e ly , the  q u a lity  
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c o n tro l m a n a g e r, has a span o f c o n tro l o f 4 and a h ie r a r c h ic a l  le v e l 
o f 3. T h is  s t ru c tu re  ensu res  c lo se  c o m m u n ic a tio n  w ith  the  shop bu t 
in  a d d it io n  has the  added b e n e fit o f advanced in s p e c tio n  te ch n o lo g y  
w h ic h  is  used e x te n s iv e ly  b y  R o lls  R oyce. T h e  p la n t q u a li ty  c o n tro l 
m a n a g e r has a fu n c t io n a l re la t io n s h ip  w ith  an o v e ra l l  head o f q u a lity  
f o r  the  M id la n d s  o f E n g la nd  who is  nam ed, d ir e c to r  o f q u a li ty  a s s u r ­
ance. T h is  suggests  once aga in  th a t c e r ta in  s e rv ic e s  a re  h idden  
f r o m  the  p la n t as th e y  a re  re a d i ly  a v a ila b le  f r o m  som e c e n tra l s o u rc e  
o r  o th e r  p la n ts , th ese  m ig h t in c lu d e  s p e c ia l te s t in g , p ro v in g  g ro u n d s , 
la b o ra to r ie s  and o th e rs . W es tin g ho u se  N. F . D , , A p p e n d ix  S,
( re f :  044 -066 ), is  an A m e r ic a n  f i r m  based in  A m e r ic a .  I t  was 
g rouped  w ith  R o lls  R oyce  m e re ly  to  co m p a re  2 u s e r f i r m s  o f e q u iva ­
le n t e m p loyee  s iz e . W e s tin g ho u se  have 1000 e m p lo ye e s , seventeen  
p e rc e n t o f w hom  a re  in s p e c tio n  typ e  p e rs o n n e l; th e  budge t f ig u re s  
w e re  not a v a ila b le . T h e  n a tu re  o f bu s in e ss  is  th e  m a n u fa c tu re  o f 
n u c le a r  fu e l e q u ip m en t such as la rg e  b o ile rs  and th e  c la s s if ic a t io n  in  
th is  re s e a rc h  is  th e re fo re  m e d iu m  to  heavy  e n g in e e rin g . W e s tin g ­
house have a 5 b y  4 s t ru c tu re  w h ic h  m akes i t  w e l l  b a la n ce d  in  te rm s  
o f i ts  h ie r a r c h ic a l  le v e ls  to  span o f c o n tro l.  I t  is  w o r th  n o tin g  aga in  
th e  em phas is  g ive n  to  p ro d u c t a ssu ra n ce ; i t  tends  to  s u p p o rt the  v e ry  
c r i t i c a l  and h a za rd o u s  n a tu re  o f the  f in a l  usage g iv e n  to  the  p ro d u c t. 
T h is  s t ru c tu re  a lm o s t f i t s  th e  m o d e l u s e r ty p e  b y  i ts  in c o rp o ra t io n  of 
th e  p o s it io n  re s p o n s ib il i t ie s  o f q u a li ty  e n g in e e rin g , q u a li ty  re c o rd s  
d o cu m e n ta tio n  and q u a li ty  d e ve lo p m en t.
P a i r  No: 5.
L i t to n  M ic ro w a v e , A p p e n d ix  S, ( re f:  032-264) is  an A m e r ic a n  based 
food  p ro c e s s in g  eq u ip m e n t m a n u fa c tu re r  w ith  a to ta l  e m p loyee  g ro up  
o f 600 and a fo u r  p e rc e n t in s p e c tio n  fo rc e  to ta l l in g  22 peop le . T h e y  
budget £416 p e r  annum  p e r  head o f em p loyee  fo r  the  p u rpo se  of 
q u a lity  in s p e c tio n  and m ake  use o f advanced in s p e c tio n  te ch n o lo g y  in  
th e i r  o rg a n is a tio n . T h e  s t ru c tu re  is  n a tu ra l ly  s m a ll due to  th e  s m a ll 
n u m b e rs  in v o lv e d , bu t i t  p ro du ce d  a 3 b y  2 p y ra m id  and lo g ic a l ly  
d e m o n s tra te s  a f lo w  f r o m  s u p p lie r  c o n tro l th ro u g h  fa b r ic a t io n  to
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E , M . I . , A p p e n d ix  S, ( re f :  264-032) c o n tra s ts  th e  above f i r m  d e sp ite  
i ts  d if fe re n t  b u s in e ss  a c t iv ity ,  in  te rm s  o f e le c tro n ic s .  I t  is  c o m ­
p a ra b le  in  s iz e  to  L i t to n  M ic ro w a v e  and in  fa c t th e  budge t p e r  head 
fo r  in s p e c tio n  a t £428 p e r  annum  is  m a rg in a lly  h ig h e r . H o w e ve r 
E . M . I . , is  a n o n -u s e r  o f advanced m e a s u r in g  e q u ip m e n t a t th is  
lo c a t io n  and i t  is  in te re s t in g  to  note the  4 b y  4 s t ru c tu re  fo r  th e  sam e 
n u m b e r o f p e rs o n n e l as L it to n  M ic ro w a v e  - indeed  the  v a r ie ty  o f 
p o s it io n  t i t le s  a re  q u ite  re m a rk a b le . T h e  m o s t s e n io r  q u a lity  execu ­
t iv e  is  q u a li ty  a ssu ra n ce  m a n a g e r, th e  a ssu ra n ce  aspect re f le c ts  
w e l l  f o r  the  c u s to m e r, bu t b e lo w  th is  th e re  a re  c h ie f e n g in e e rs , 
s e n io r  q u a li ty  e n g in e e rs  and v a r io u s  d e pu tie s , w h ic h  m akes the  o v e r ­
a l l  o rg a n is a tio n  unusua l. W h e th e r the  a d d it io n  o f advanced te c h n o lo g y  
such as c o -o rd in a te d  m e a s u r in g  m a ch in e s  w o u ld  a s s is t  is  a n o th e r 
q u e s tio n , b u t i t  co u ld  r e s u lt  in  a s m a lle r  span fo r  th e  d ir e c to r  w ith o u t 
n e c e s s a r i ly  any fu r th e r  in c re a s e  in  h ie r a r c h ic a l  le v e ls .
P a i r  No: 6.
A lv is  L t d , , A p p e n d ix  S, ( re f :  001-167) is  a B r i t i s h  f i r m  w hose 
b u s in e ss  in te re s ts  a re  co n ce rn e d  w ith  m i l i t a r y  v e h ic le  m a n u fa c tu re  
and f o r  th is  re s e a rc h , has been c la s s if ie d  as de fence . I t  is  n o te ­
w o r th y  th a t th e  p o s it io n  t i t l e  o f c h ie f in s p e c to r  is  c o m m o n ly  used in  
th e  o rg a n is a tio n  and as p re v io u s ly  s ta te d , th is  is  no t unusua l in  
o ld e r  co m p an ie s  w ith  som e a f f i l ia t io n  to  th e  m i l i t a r y .  T h e  p y ra m id  
is  6 b y  4, a f a i r l y  w id e  span o f c o n tro l fo r  th e  to p  q u a li ty  e xe cu tive  
bu t b a s ic a l ly  he has 3 m a in  d iv is io n s , one o f w h ic h  w i l l  house the  
advanced in s p e c tio n  te ch n o lo g y , w ith o u t w h ic h  th e  span o f c o n tro l 
m a y  have been  even w id e r .  T h e y  have a f a i r l y  lo w  in s p e c tio n  m a n ­
p o w e r a t e ig h t p e rc e n t o f to ta l p e rs o n n e l bu t s u p p o rt th is  g e n e ro u s ly  
w ith  a £425 p e r  head o f em p loyee  p e r  annum . T h e  o v e ra l l  s t ru c tu re  
o f th e  o rg a n is a tio n  w ou ld  suggest th a t th e y  c o v e r m o s t o f the  "k e y "  
q u a lity  te ch n iq u e s  such as re c o g n is in g  s u p p lie r  c o n tro l,  gauge c o n tro l,  
d o cu m e n ta tio n , m e ta l lu rg y  and o th e rs . I t  is  in te re s t in g  to  note the  
span o f c o n tro l g ive n  to  the  c h ie f in s p e c to r , i t  c o v e rs  a to ta l o f 8 
s e c tio n s . I t  seem s som ew ha t e xce ss ive  fo r  one in d iv id u a l to  
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a d eq u a te ly  c o v e r so m a n y  te c h n ic a l fu n c tio n s , A lv is ,  b e in g  a u s e r o f 
advanced m e a s u r in g  te c h n o lo g y ,w il l  undoub ted ly  use th is  equ ipm ent 
in  s e v e ra l o f these  s e c tio n s . Robophone L td . ,  A p p e n d ix  S, ( re f: 
167-001), is  a n o n -u s e r o f advanced m e a s u r in g  e q u ip m e n t. I t  is  a 
s m a ll o rg a n is a tio n , 106 em p loyees and a seven p e rc e n t in s p e c tio n  
m a n po w e r, spend ing  a p p ro x im a te ly  £151 p e r  e m p loyee  p e r annum  on 
in s p e c tio n . T he  s t ru c tu re  is  som ew ha t c lu m s y  f o r  such a s m a ll 
o rg a n is a tio n , y e t on c lo se  e x a m in a tio n , i t  id e n t if ie s  th e  ke y  a c t iv it ie s  
o f to d a y 's  m o d e l o rg a n is a tio n  fo r  q u a lity  c o n tro l i .  e . , s u p p lie r  s u r ­
v e il la n c e , p ro d u c tio n  s u rv e il la n c e  and c u s to m e r s u rv e il la n c e .
P a i r  No: 7
T h e  re s e a rc h  now m oves to  an A m e r ic a n  based f i r m ,  e x te n s iv e ly  
u s in g  advanced m e a s u r in g  equ ipm en t n a m e ly , John D e e re  H a rv e s te r  
W o rk s , A p p e n d ix  S, ( re f:  096-170). T h e  m o s t s e n io r  q u a lity  execu ­
t iv e  uses th e  e x p re s s io n  " r e l ia b i l i t y "  and indeed  th ro u g h  th e  o rg a n is a ­
t io n  s tru c tu re ,  r e l ia b i l i t y  o r  assu ra n ce  appea rs . T h is  te rm in o lo g y  
tends to  u n d e r lin e  th e  A m e r ic a n  approach  to  the  q u a l i ty  o f a p ro d u c t, 
in  th a t som e a tte m p t is  m ade to  convey the  b u s in e ss  o b je c tiv e  w ith in  
the  p o s it io n  t i t le ,  f o r  exa m p le , "w e  b u ild  r e l ia b le  t r a c to r s " .  T h e  
s tru c tu re  is  a squat p y ra m id  w ith  a 6 by  3 span and h ie ra r c h ic a l  con ­
f ig u ra t io n .  T h e  one w eakness in  the  John D e e re  q u a lity  o rg a n is a tio n  
is  the  v e ry  lo w  p e rce n ta g e  o f in s p e c tio n  p e rs o n n e l to  to ta l p e rs o n n e l 
a t fo u r  p e rc e n t. T h is  m aybe  exp la ine d  b y  the  fa c t th a t th is  John 
D ee re  p la n t is  one o f s e v e ra l in  the  m id -w e s t o f A m e r ic a  so th e y  
m a y  b e n e fit f r o m  c e n tra l s e rv ic e s  o r  o th e r such s y s te m s  w h ich  tends 
to  co n ce a l the  t ru e  in s p e c tio n  m anpo w e r re q u ire d  f o r  a u n it e m p lo y ­
in g  4, 500 peop le . S p e rry  New H o lla n d , A p p e n d ix  S, ( re f:  170-096), 
is  a B r i t is h  s u b s id ia ry  o f an A m e r ic a n  com pany. U n lik e  John D e e re  
i t  is  a n o n -u s e r o f advanced m e a s u r in g  equ ipm en t, bu t l ik e  John 
D e e re , i t  is  in  the  sam e type  o f b u s iness  a c t iv ity ,  th a t is , a g r ic u l tu r ­
a l equ ipm en t m a n u fa c tu re , o n ly  in  a m uch  s m a lle r  s c a le  o f ou tpu t. 
T h e y  have 930 em p loyees a t the  A y le s b u ry  p la n t b u t o n ly  th re e  p e r ­
cen t o f these  a re  in v o lv e d  d ir e c t ly  w ith  q u a lity  and in s p e c tio n , w ith  
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£206 p e r  e m p lo ye e  p e r  annum  devoted  to  the  b u s in e ss  o f q u a lity  
c o n tro l.  T h e  p y ra m id  has a 3 b y  3 s t ru c tu re  and appea rs  w e ll 
ba lanced  fo r  the  s p e c if ic  needs o f th is  s u b s id ia ry .
F a i r  No: 8.
B r i t is h  A e ro s p a c e , A p p e n d ix  S, ( re f:  086-009), have m any  e s ta b lis h ­
m e n ts  th ro u g h o u t the  w ho le  o f B r i ta in  and s e v e ra l a re  p a r t  o f th is  
re s e a rc h . One u n it, lo c a te d  a t H a tf ie ld , has been  e x tra c te d  to  
re v ie w  and c o m p a re  w ith  B o e in g  o f A m e r ic a . A l l  o f th e  B r i t is h  
A e ro s p a c e  p la n ts  w ho resp onde d  to  the  s u rv e y  in c lu d e d  a s im i la r  
type  o f o rg a n is a t io n  c h a r t as the  one show n in  the  A p p e n d ix . I t  goes 
w ith o u t sa y in g  th a t in s p e c tio n  m u s t be o f to p  p r io r i t y  f o r  an a i r ­
c r a f t  m a n u fa c tu re r  bu t B r i t is h  A e ro  a re  not o v e r-g e n e ro u s  w ith  the  
o v e ra l l  p e rce n ta g e , w h ich  l ie s  a t f iv e  p e rc e n t and th e i r  s tru c tu re s  
tend  to  be to o  t a l l  w ith  e x c e s s iv e  use o f "d e p u ty "  and " a s s is ta n t" ,  
v e ry  o fte n  in  a one to  one re la t io n s h ip  in d ic a t in g  a p o s s ib le  o v e r ­
m a n n in g  c o n d it io n  w ith  w e e k ly  and m o n th ly  s ta f f  p o s it io n s . T he  
p y ra m id  is  a 3 b y  7, p ro v id in g  a v e ry  s m a ll span fo r  the  m o s t s e n io r  
m a n a g e r bu t a good d is ta n ce  be tw een  h im  and h is  f i r s t  l in e  s u p e r ­
v is o rs .  One re c a lls  th a t e a r l ie r  i t  was conc luded  th a t u se rs  o f 
advanced te ch n o lo g y  cou ld  o ve rco m e  the  d isadvan ta ges  o f t a l l  p y ra ­
m id s  b y  the  v e r y  b e n e fits  d e r iv e d  f ro m  th a t te ch n o lo g y , B r i t is h  
A e ro s p a c e  is  a good e xam p le  o f th is  c o n d itio n . B oe in g , A p p e n d ix  
S, ( re f:  009 -08 6 ), s im i la r  to  B r i t is h  A e ro , have m a n y  p la n ts  
th ro u g h o u t A m e r ic a  th e re fo re  th e y  w i l l  b e n e fit f r o m  c e n tra l s e rv ic e s  
and thus the  tw o  p e rc e n t in s p e c tio n  m a n po w e r to  to ta l p e rs o n n e l at 
th e i r  W a sh in g to n  p la n t tends to  be m is le a d in g , d e s p ite  th e i r  in te n s iv e  
use o f c o m p u te r-a id e d  m e a s u r in g  eq u ipm e n t. T h e  4 by  4 p y ra m id  
s t ru c tu re  is  neat and a l l  e m b ra c in g  c o v e r in g  in te rn a l q u a lity  c o n tro l 
and s u p p lie r  q u a lity ,  bu t no ev idence  o f c u s to m e r l ia is o n ,  un less  the  
o n ly  c u s to m e r is  a n o th e r B o e in g  a s s e m b ly  p la n t w h ic h  is  h ig h ly  
p ro b a b le . L ik e  B r i t is h  A e ro  no budget va lues  w e re  g ive n , th e re fo re  
i t  was im p o s s ib le  to  c a lc u la te  a v a lu e  p e r  head fo r  q u a lity  
e x p e n d itu re .
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P a ir  No: 9.
T h e  f in a l  p a ir  o f f i r m s  to  be re v ie w e d  a re  bo th  B r i t i s h  and w h ile  one 
is  a u s e r  and the  o th e r  a n o n -u s e r o f advanced in s p e c tio n  te ch n o lo g y , 
th e y  a re  no t in  the  sam e b u s in e ss  a c t iv ity .  B . L .  C a rs , B irm in g h a m  
A p p e n d ix  S, ( re f :  076-207), m ake  g re a t use o f la rg e  c o m p u te r-  
a s s is te d  c o -o rd in a te  m e a s u r in g  m ach in e s  and have a tw e lv e  p e rc e n t 
in s p e c tio n  m a n p o w e r to  to ta l  m a n p o w e r at th is  p la n t, ye t o n ly  £6 p e r  
head o f e m p loyee  is  expended p e r  annum  on q u a li ty  in  te rm s  o f 
expense. T h is  m akes  one c o n s id e r  once aga in  th a t a s s is ta n c e  is  p r o ­
v id e d  b y  B . 1j. , f r o m  o th e r c e n tra l so u rce s  in  te rm s  o f c o s t ly  
s e rv ic e s . T h e  B . L , , s t ru c tu re  o f 4 by  4 is  o f a s ta n d a rd  type  p y r a ­
m id  c o v e r in g  the  n o rm a l a c t iv it ie s  o f the  q u a li ty  fu n c tio n . A l f r e d  
H e rb e r t ,  A p p e n d ix  S, ( re f:  207 -076 ), is  the  la rg e s t  m a ch in e  to o l 
m a n u fa c tu re r  in  B r i ta in ,  and l ik e  m a n y  m a ch in e  to o l m a n u fa c tu re rs  
in c lu d e d  in  th is  re s e a rc h , a re  not u se rs  o f advanced m e a s u r in g  
equ ip m en t. O n ly  th re e  p e rc e n t o f th e  to ta l m a n p o w e r o f 1, 830 
em p loyees a re  a tta ch e d  to  q u a lity  c o n tro l,  the  budge t f ig u re s  w e re  
u n a v a ila b le  and to ta l a n a ly s is  co u ld  no t be m ade. T h e  p y ra m id  o f 3 
b y  4 is  not e x c e s s iv e  and is  in  fa c t in  keep in g  w ith  th e  lo w  o v e ra l l  
p e rce n ta g e  o f in s p e c tio n  m a n po w e r p ro v id e d  a t A l f r e d  H e rb e r t .
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6..9 - C O N C LU S IV E  P O IN T S  O BSE R VED  IN  T H E  D IF F E R E N C E S
A N D  S IM IL A R IT IE S  IN  Q U A L IT Y  C O N T R O L O R G A N IS A T IO N  
S TR U C TU R E S  O F F IR M S  USING A N D  NOT USING 
A D V A N C E D  M E A S U R IN G  M A C H IN E  T E C H N O LO G IE S .
D iv is io n  o f L a b o u r.
o T he  a ve ra g e  A m e r ic a n  f i r m  was found  to  have fe w e r  p o s it io n  
t i t le s  than  its  B r i t is h  c o u n te rp a r t and d id  not use t i t le s  such as 
"a s s is ta n t to "  o r  "a s s is ta n t o f" .  T h is  la t te r  phenom enon of 
a s s is ta n ts  was found  to  be com m on  in  B r i t is h  f i r m s  e s p e c ia lly  
tho se  a s s o c ia te d  w ith  a e ro sp a ce , defence and th e  m o to r  c a r  
in d u s tr ie s .  I t  was not d e te rm in e d  i f  the  B r i t i s h  f i r m s  had a p ro ­
b le m  o f o v e r-m a n n in g  b u t as the  o rg a n is a tio n  c h a r ts  tended  to  
show one to  one re la t io n s h ip s  f o r  the se  a s s is ta n ts  to  th e ir  
im m e d ia te  s u p e r io rs ,  th e n  the  q u e s tio n  o f o v e r-m a n n in g  is  
im p lie d .
o I t  w as o b se rve d  th a t the  la r g e r  th e  f i r m  th e  m o re  p ronoun ced  is  
the  d iv is io n  o f la b o u r  w ith in  i t .
o P o s it io n  t i t le s  w e re  found  to  be m uch  m o re  nu m ero u s  in  u s e r th a n  
n o n -u s e r  f i r m s .
o S p e c if ic  p o s it io n  t i t le s  w e re  found  com m on to  b o th  u s e r and non­
u s e r f i r m s  w h ile  o th e r  t i t le s  w e re  com m on  to  e ith e r  one o r  the  
o th e r . I t  was o f p a r t ic u la r  in te re s t  to  note th a t tho se  t i t le s  
com m on  to  u s e r  f i r m s  tended  to  f in d  a s s o c ia tio n  w ith  the  p ro d u c t 
such  as r e l ia b i l i t y  and a ssu ra n ce . B y  c o n tra s t, som e n o n -u s e r 
f i r m s  used som ew ha t da ted  t i t le s  such  as c h ie f in s p e c to r  o r  o th e r 
t i t le s  not d ir e c t ly  a sso c ia te d  w ith  in s p e c tio n  such  as s u p e r­
in te n d e n t.
o I t  was no ted  th a t n o n -u s e r f i r m s  had a g re a te r  n u m b e r o f f i r s t  
l in e  s u p e rv is o rs  th a n  u s e r f i r m s .
H ie ra rc h y  o f le v e ls  and span o f c o n tro l.
o I t  was found  th a t the  la r g e r  the  f i r m  the  g re a te r  the  ten d e ncy  to  
g e n e ra te  h ie r a r c h ic a l  d if fe re n t ia t io n  o f a u th o r ity  in to  m any 
m a n a g e r ia l le v e ls .
o T h e re  appea rs  to  be a c o r re la t io n  be tw een  the  s iz e  o f f i r m  in  
te rm s  o f em p loyees  and the  m a x im u m  n u m b e r o f h ie r a r c h ic a l  
le v e ls  in  any one f i r m .
o F ir m s  u s in g  advanced m e a s u r in g  m a ch in e  te c h n o lo g y  w e re  found 
to  have t a l le r  p y ra m id s , th a t is  m o re  h ie r a r h ic a l  le v e ls  than  
n o n -u s e r f i r m s .  I t  was co n s id e re d  th a t th e  re a s o n  fo r  th is  was 
due to  the  use o f c o m p u te rs  and m e a s u r in g  m a ch in e  te ch n o lo g ie s
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thus  m in im is in g  th e  d isadvan ta ges  o f c o m m u n ic a tio n s  com m on 
w ith  t a l l  p y ra m id s . T h e  te ch n o lo g y  ap pea rs  to  fo s te r  m u lt ip le  
le v e ls  ra th e r  th a n  re d u ce  th e m  n u m e r ic a lly .
o I t  was no ted  th a t h o r iz o n ta l d if fe re n t ia t io n  in to  m u lt ip le  le v e ls  
tends to  o c c u r in  la rg e  o rg a n is a tio n s  because  i t  re lie v e s  the  
m anagem ent o f e x ce ss ive  s u p e rv is o ry  b u rde n s  th a t in te r fe re  
w ith  i ts  e xe cu tive  re s p o n s ib il i t ie s .
o I t  was found  th a t n o n -u s e r f i r m s  tended  to  have w id e r  spans of 
c o n tro l as em p loyee  s iz e  in c re a s e d  w h ile  u s e r f i r m s  tended to  
d e c lin e  as e m p loyee  s iz e  in c re a s e d , pe rhap s  due to  deepe r 
c o n c e n tra t io n  and dependence on te ch n o lo g y .
D iv is io n s  and s e c tio n s  w ith in  the  h ie ra rc h y .
o R e s u lts  im p ly  th a t the  la r g e r  the  f i r m  the  g re a te r  th e  n u m b e r o f
s e c tio n s  and co n seq u e n tly  as the  d iv is io n  does not in c re a s e  in  
n u m b e r, then  th e  span o f c o n tro l o f the  d iv is io n  head in c re a s e s , 
fo re s ta l l in g  the  p r o l i fe r a t io n  o f d iv is io n s  re q u ire s  e s ta b lis h in g  
m o re  s u b -u n its  o f d iv is io n s  n a m e ly , s e c tio n s .
o U s e r  f i r m s  have m o re  s e c tio n s  than  n o n -u s e rs  to  hand le  new 
te ch n o lo g y , due to  h o r iz o n ta l d if fe re n t ia t io n  b u t e x p re s s io n  o f 
new te c h n o lo g ie s  fin d s  i t s e l f  in  the  lo w e s t le v e ls ,  th a t is  s e c tio n s  
and no t a t d iv is io n  le v e ls .
o E x c e p tio n s  to  n o n -u s e r  f i r m s  be in g  in  g e n e ra l s m a lle r  th a n  u s e r
f i r m s  w e re  found  in  5 b u s in e ss  a c t iv it ie s ,  to o ls ,  te le c o m m u n ic a ­
t io n s , m a ch in e  to o ls , m o to r  c a rs  and d o m e s tic  p ro d u c ts . T h e  
a s s u m p tio n  is  th a t these  b u s in e ss  a c t iv it ie s  tend  to  have w id e r  
d iv e r s i f ic a t io n  o f b u s in e ss  in te re s ts  and re q u ire  m o re  inde pend ­
ent s e c tio n s .
A d m in is t ra t io n  -  in te r re la te d  ra t io s  o f m a n p o w e r.
o N o n -u s e r f i r m s  had m o re  m o n th ly  p e rs o n n e l than  u s e r f i r m s
s u g g e s tin g  th a t la c k  o f te ch n o lo g y  c a lls  f o r  m o re  m a n a g e r ia l 
a d m in is tra t io n  a t h ig h  le v e ls .  .
o N o n -u s e r f i r m s  a ppea r to  need la r g e r  fo rc e s  o f w e e k ly  p a id
em p loyees  (p la n n e rs , s ta t is t ic ia n s  and o th e r e n g in e e rs ), to  p e r ­
fo r m  fu n c tio n s  c a r r ie d  out b y  co m p u te rs  and advanced m e a s u r in g  
m a ch in e s  in  u s e r f i r m s .
o W e e k ly  s ta f f  ra t io s  do not d e c rea se  w ith  in c re a s in g  e m p loyee
s iz e  bu t th e  m o re  c o m p le x  the  te c h n o lo g y  re s u lts  in  fa s te r  de ­
c re a s e  in  w e e k ly  p a y ro l l  s u p p o rt in  u s e r f i r m s .
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o U s e r  f i r m s  have a g re a te r  n u m b e r o f h o u r ly  p a id  in s p e c to rs
excep t a t la rg e  s iz e  f i r m s  in  excess o f 2, 000 em p loyee s  w hen the  
n o n -u s e r  exceeds the  u s e r , su g ge s tin g  th a t as f i r m s  in c re a s e  in  
s iz e , th e y  have  to  s u b s titu te  peop le  in  p la c e  o f te c h n o lo g ie s .
M a n po w e r R a tio s  and B u s in e ss  A c t iv i t ie s .
o Im p lic a t io n s  a re  th a t f i r m s  a t 2 ends o f a s p e c tru m  o f m a g n itu d e  
o f com ponen ts  n a m e ly , v e ry  la rg e  and v e r y  s m a ll,  have a 
g re a te r  re q u ire m e n t f o r  m a n ag e rs  and th e  h ig h e s t p a id  s ta ffs  to  
a d m in is te r  th e i r  f i r m s  i f  th e y  do not have the  s u p p o rt o f advanced 
in s p e c tio n  te ch n o lo g y .
o O n ly  33 p e rc e n t o f u s e rs  in  b u s in e ss  a c t iv it ie s  exceed the  non­
u s e r f o r  w e e k ly  s ta f f  b u t th e se  u s e r a c t iv it ie s  te nd  to  be th e  le a s t 
a c tiv e  u s e rs  o f advanced m e a s u r in g  m a ch in e  te c h n o lo g ie s  and 
m a y  be o v e r-m a n n e d  d e sp ite  h a v in g  the  te ch n o lo g y .
o H o u r ly  in s p e c tio n  ra t io s  a re  h ig h e r  in  a l l  u s e r  b u s in e ss
a c t iv it ie s  exce p t to o ls , food  p ro c e s s in g  e q u ip m e n t and d o m e s tic  
e q u ip m e n t. T h e se  4 b u s in e ss  a c t iv it ie s  h o w e v e r a re  not e x te n ­
s iv e  u s e rs  o f C M M  e q u ip m e n t.
R ank o rd e r  c o r re la t io n s ,
o ■ R ank o rd e r  c o r re la t io n s  in d ic a te  th a t f i r m s  in  s p e c if ic  b u s in e ss  
a c t iv it ie s  a re  not u s in g  advanced m e a s u r in g  m a ch in e s  bu t a re  
s u p p o rtin g  th e m s e lv e s  w ith  m o re  peop le  at w e e k ly  s ta f f  le v e l.
o C e r ta in  u s e r f i r m s  in  b u s in e ss  a c t iv it ie s ,  th a t is  eng ines,
t r u c k s / t r a c to r s ,  and de fence a re  spend ing  m o re  on in s p e c tio n  
than  o th e rs  thus  s u p p o rtin g  th e i r  in i t ia l  c a p ita l in v e s tm e n ts . 
C o n tra s te d  b y  n o n -u s e r f i r m s  in  b u s in e ss  a c t iv it ie s ,  t r a c to r /  
t ru c k ,  e le c tro n ic s  and pum ps, spend ing  h e a v ily  on budget 
p e rha p s  to  re p la c e  not h a v in g  C M M  e qu ip m en t.
o U s e r  f i r m s  in  c e r ta in  b u s in e ss  a c t iv it ie s  w ith  he avy  ra t io s ,  th a t
is  la rg e  n u m b e rs  o f in s p e c tio n  peop le , a re  m a k in g  le a s t use o f 
th e i r  in v e s te d  c a p ita l o f advanced m e a s u r in g  m a ch in e s . T h e y  
a re  as fo llo w s  v iz : -  m e d iu m  to  heavy e n g in e e rin g , m a c h in in g  
and pum ps.
o U s e r  f i r m s  in  c e r ta in  b u s in e ss  a c t iv it ie s  w ith  lo w  ra t io s ,  th a t is
fe w e s t n u m b e r o f in s p e c tio n  peop le , a re  m a k in g  g re a te s t use o f 
th e i r  in v e s te d  c a p ita l o f advanced m e a s u r in g  m a c h in e s . T h e y  
a re  v iz : -  m a ch in e  to o ls , food  p ro c e s s in g  e q u ip m e n t and 
d o m e s tic  p ro d u c ts .
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o N o n -u s e r f i r m s  w ith  h ig h e s t ra t io s  th a t is  g re a te s t n u m be rs  of
in s p e c to rs , a re  v e ry  in e f f ic ie n t  w ith  lo ts  o f peop le  to  re p la c e  the  
need f o r  h a v in g  any advanced m e a s u r in g  te c h n o lo g y . T h e y  a re  
v iz : -  d o m e s tic  p ro d u c ts , m o to r  c a rs , in s tru m e n ts  and m is c e l l ­
aneous.
o N o n -u s e r  f i r m s  w ith  lo w e s t r a t io s ,  th a t is  lo w e s t n u m b e rs  of
in s p e c to rs  in  th is  m an p o w e r m e a su re m e n t, a p pe a r to  be e ff ic ie n t 
bu t w ha t is  happen ing  to  the le v e l o f q u a lity  because  no te ch n o ­
lo g ic a l b a r r ie r  o r  s c re e n  has been e re c te d , to  m ake  up fo r  the 
la c k  o f in s p e c tio n  m anpow er?
O rg a n is a tio n  s tru c tu re s  p a ire d  in  9 g roup s .
T h e  fo llo w in g  fa c to rs  w e re  o bse rve d  w ith  the  18 s tru c tu re s ,  v iz : -
o N o n -u s e r s tru c tu re s  w e re  m uch  s h o r te r  than  u s e rs , th a t is
fe w e r  le v e ls  o f m anagem ent w ith in  com m on b u s in e ss  a c t iv it ie s  
and f o r  e m p lo ye e  s iz e .
o U s e r  f i r m s  use d if fe re n t  p o s it io n  t i t le s  f r o m  th a t o f n o n -u s e r
f i r m s .
o U s e r  f i r m s  had la r g e r  p e rcen ta g e s  o f in s p e c tio n  p e rs o n n e l and
g re a te r  expense budgets to  su p p o rt the  C M M  te ch n o lo g y .
o T h e  advanced m e a s u r in g  m a ch in e  te ch n o lo g y  does not appea r to
have re d u ce d  peop le  bu t m o re  so in c re a s e d  h ig h e r  s k i l le d  
re q u ire m e n ts .
o M u lt i- p la n t  o rg a n is a tio n s  appea r to  sh a re  re s o u rc e s  w ith  th e ir
s is te r  p la n ts  o r  som e c e n tra l so u rce  thus m in im is in g  the  dup­
l ic a t io n  o f in s p e c tio n  s e rv ic e s . T h is  a c t iv it y  tends to  m is le a d  
the  o u ts id e r  on f i r s t  o b s e rv a tio n  o f in s p e c tio n  ra t io s .
o U s e r  f i r m s  tend  to  em phas ise  th e ir  a tt itu d e  to  th e  p ro d u c t by
d e s c r ip t io n  g ive n  to  q u a li ty  c o n tro l p o s it io n s , such  as r e l ia b i l i t y  
te s t ,  a ssu ra n ce  and so on.
o T h e  q u a li ty  c o n tro l o rg a n is a tio n  s tru c tu re  a t R o lls  R oyce, D e rb y
has a 4 span b y  a 3 le v e l h ie ra rc h y . T h is  is  su p p o rte d  b y  a 
tw e n ty -s ix  p e rc e n t in s p e c tio n  to  to ta l m a n p o w e r r a t io  and 
p ro v id e s  a £630 p e r  em p loyee  budget s u p p o rt. I t  cou ld  be de ­
s c r ib e d  as a m o d e l f o r  q u a lity  c o n tro l.
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6. 10 - NEW TECHNOLOGY AND PRODUCTION TYPE.
T h e  287 f i r m s  who respon ded  to  the  f ie ld  s u rv e y  w e re  c la s s if ie d  in to  
8 p ro d u c tio n  g roup s  to  fo rm  a sca le  o f te c h n ic a l c o m p le x ity . T h e se  
f i r m s  w e re  fu r th e r  d iv id e d  in to  th ose  u s in g  and no t u s in g  C M M  e q u ip ­
m en t and show n b y  7 e m p loyee  s iz e  g ro up in gs  and 20 d if fe re n t  b u s i­
ness a c t iv it ie s .  T h e  a im s  o f th is  s e c tio n  o f th e  re s e a rc h  w e re  to  -
o C la s s ify  the  typ e s  o f p ro d u c tio n  b e in g  used b y  th e  f i r m s  in  th is  
s u rv e y .
o D e te rm in e  i f  th e re  a re  any s p e c if ic  p ro d u c tio n  typ e  d if fe re n c e s  
be tw een  f i r m s  u s in g  and not u s in g  C M M  e q u ip m e n t.
o Id e n t ify  w ha t e m p lo ye e  s iz e  g roups and b u s in e ss  a c t iv ité s  a re  
e v id e n t i f  any d if fe re n c e s  a re  a ppa ren t be tw een  th e  use and non­
use o f C M M  equ ipm en t.
o E s ta b lis h  any o v e ra l l  p o in ts  o f s ig n if ic a n c e  f r o m  the  re s u lts  
ob ta ined .
C la s s if ic a t io n  o f f i r m s  in to  p ro d u c tio n  typ e s .
T h e  287 f i r m s  w e re  c la s s if ie d  in to  p ro d u c tio n  typ e s  adapted f r o m  the  
s c a le  o r ig in a l ly  deve loped  b y  W oo dw ard  (19). T h e  d e f in it io n  o f these  
p ro d u c tio n  typ e s  f o r  th is  re s e a rc h  is  g ive n  as fo llo w s  : -
T A B L E  No: 6. 7
T y p e : D e f in it io n  fo r  th is  re s e a rc h :______________
1. S ing le  s im p le  P ro d u c t io n  o f s im p le  u n its  to  cu s to m e rs *
a r t ic le s ,  o rd e rs .
2. P ro to ty p e s . P ro d u c t io n  o f te c h n ic a lly  co m p le x  u n its .
3. L a rg e  e q u ip m e n t. F a b r ic a t io n  o f la rg e  e q u ip m e n t in  s tages .
4. Jobb ing . P ro d u c t io n  o f s p e c ia l p ro d u c ts  o r  c o m ­
ponents in  a v a r ie ty  o f q u a n tit ie s  g e n e ra lly  
as o n e - t im e  o n ly  o rd e rs .
5. S m a ll b a tch e s . P ro d u c t io n  o f s m a ll  ba tches  o f p ro d u c ts
o r  com ponents 50 to  100 p e r  ru n .
6. L a rg e  b a tche s . P ro d u c t io n  o f la rg e  b a tches  o f p ro d u c ts
o r  com ponents above 100 p e r  ru n .
7. M ass p ro d u c tio n . P ro d u c t io n  o f h ig h  v o lu m e s  o f p ro d u c ts  o r
com ponen ts .
8. C on tinuous f lo w . P ro d u c t io n  o f m a te r ia l  such  as l iq u id s ,
gases o r  s o lid  shapes.
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T a b le  No: 6. 9 shows the  to ta l re sp on se s  g ive n  b y  each f i r m  and 
c la s s if ie d  in to  one o f 8 p ro d u c tio n  typ e s . T h e  f i r m s  a re  b ro k e n  down 
b y  u s e r and n o n -u s e r  o f C M M  e qu ipm en t. S e v e ra l f i r m s  gave 
m u lt ip le  re sp o n se s  to  th is  q u e s tio n  to  c o v e r a ra n g e  o f p ro d u c t o r  
p ro c e s s e s  used in  th e ir  fa c i l i t ie s .  T h e  to ta l n u m b e r o f responses  
was 499 w ith  255 o r  51 p e rc e n t b y  u s e r f i r m s  and 244 o r  49 p e rc e n t 
b y  n o n -u s e r  f i r m s .  T h e  m o s t s ig n if ic a n t fe a tu re  about th is  data is  
th a t 50 p e rc e n t o f a l l  f i r m s  a re  in  s m a ll o r  la rg e  b a tch  p ro d u c tio n  
typ e . T h e  nex t la rg e s t  p ro d u c tio n  typ e  is  f o r  m ass p ro d u c tio n  and 
p ro to ty p e  p ro d u c tio n , b o th  o f w h ic h  have a p p ro x im a te ly  11 p e rc e n t o f 
the  to ta l  re sp o n se s .
D if fe re n c e  be tw een  u s e r and n o n -u s e r  f i r m s .
T a b le  No: 6. 9 shows th a t th e re  is  o n ly  m a rg in a l d if fe re n c e s  be tw een  
the  p ro d u c tio n  typ e s  used b y  b o th  u s e r and n o n -u s e r f i r m s .  T h e  
s in g le  m o s t s ig n if ic a n t d if fe re n c e  is  in  m ass p ro d u c tio n  w h e re  th e  
u s e r f i r m s  had 41 re sp o n se s  o r  8 .2  p e rc e n t o f th e  to ta l  a g a in s t the  
n o n -u s e r  f i r m s  w ho had 17 re sp o n se s  o r  3. 4 p e rc e n t o f the  to ta l.
D if fe re n c e s  in  em p lo ye e  s iz e  g roups  and b u s in e ss  a c t iv it ie s .
T h e  m a t r ix  show n in  T a b le  No: 6. 8 in d ic a te s  th a t th e re  a re  la rg e  
c e lls  o f re sp o n se s  be tw een  s m a ll and la rg e  b a tch  p ro d u c tio n  types  
and s p e c if ic  em p lo ye e  s ize  g ro up s . T h e se  c e lls  a re  show n as 
fo llo w s  : -
T A B L E  No: 6. 8
E m p lo ye e
S ize :
P r o to ­
typ e :
S m a ll
B a tch :
L a rg e
B a tch :
100- 499 (16) 23 (43) 13 (23)
500- 999 14
1000-1999 13
2000-4999
.... .......... . . ........ '
18
( ) n o n -u s e r f i r m  re sp on se .
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T a b le  No: 6.9 
F IR M S  ID E N T IF IE D  B Y  P R O D U C T IO N  T Y P E  
(M u lt ip le  re sponses  w e re  g ive n  w h e re  a f i r m  had m o re  than one yes)
P ro d u c t io n
T yp e : U s e r : % Non-■User: % T o ta l:  %
S ing le  A r t 7 (1 .4 ) 17 (3 .4 ) 24 (4 .8 )
P ro to 27 (5 .4 ) 78 (5 .6 ) 55 (11)
L a rg e 23 (4. 6) 20 (4) 43 (8 .6 )
Job 16 (3 .2 ) 20 (4 .8 ) 36 (8)
S m a ll 71 (1 4 .8 ) 81 (1 6 .2 ) 152 (30)
L a rg e 55 (11) 45 (9) 100 (20)
M ass 41 (8 .2 ) 17 (3 .4 ) 58 (1 1 .6 )
C on tinuous 15 (3) 16 (3 .2 ) 31 (6 .2 )
255 (51) 244 (49) 499 (100)
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T h e  im p lic a t io n s  o f the  above a re  th a t n o n -u s e r f i r m s  in  th is  r e ­
s e a rc h  ap pe a r to  have e x te n s ive  s m a ll and la rg e  b a tch  typ e  p ro d u c t­
io n  a t 100 to  499 em p loyee  s iz e  g ro up s , w h ile  the  u s e r f i r m s  a re  a lso  
in  the  sam e ty p e  o f p ro d u c tio n , bu t sp re a d  o v e r 4 d if fe re n t  em p loyee  
s iz e  g roup  c a te g o rie s .
T h e  b u s in e ss  a c t iv it ie s  fo r  u s e r f i r m s  w h ich  a re  s ig n if ic a n t in  the  
s m a ll  and la rg e  b a tch  p ro d u c tio n  typ e s  a re  t r a c to r / t r u c k ,  e le c tro n ic  
and a ir c r a f t .  T h e  n o n -u s e r  f i r m s  f o r  the  sam e a n a ly s is  a re  show n 
to  be s ig n if ic a n t in  m is c e lla n e o u s , m a c h in in g  and e le c t ro n ic  b u s in e ss  
a c t iv it ie s .
P o in ts  o f o v e ra l l  s ig n if ic a n c e  f r o m  the  re s u lts  ob ta ined .
o T h e  m a jo r i t y  o f f i r m s  b o th  u s e r and n o n -u s e r  in  th is  re s e a rc h
a re  c lu s te re d  w ith  the  s m a ll  and la rg e  b a tch  ty p e  p ro d u c tio n  
s y s te m s . T h e se  re s u lts  c o r re la te  w ith  th e  re c e n t re p o r t  on 
A u to m a te d  S m a ll B a tc h  P ro d u c t io n  w h ic h  c le a r ly  show s th a t th e  
m a jo r i t y  o f to d a y ’ s m a n u fa c tu r in g  in d u s tr ie s  in  B r i t a in  have a 
s m a ll to  la rg e  b a tc h  p ro d u c tio n  s y s te m  (57),
o T h e  m a jo r i t y  o f f i r m s  in  the  s u rv e y  have m o re  th a n  one p r o ­
d u c tio n  typ e  s y s te m  -  th is  in d ic a te s  som e d e g re e  o f d iv e r s i f ic a ­
t io n  o f p ro d u c t ra nge ,
o T h e re  a re  no s ig n if ic a n t  d if fe re n c e s  be tw een  the  p ro d u c tio n
typ e s  o f f i r m s  u s in g  and f i r m s  not us in g  C M M  eq u ipm e n t.
o F ir m s  in  th e  s m a ll e m p lo ye e  s iz e  g roups fe a tu re  s tro n g e s t in
the  s m a ll and la rg e  b a tch  p ro d u c tio n  typ e  s y s te m s .
o F ir m s  in  b u s in e ss  a c t iv it ie s  such as t r a c to r / t r u c k ,  e le c tro n ic s , 
a i r c r a f t ,  m is c e lla n e o u s  and m a c h in in g  fe a tu re  s tro n g e s t in  th e  
s m a ll and la rg e  b a tch  p ro d u c tio n  typ e  s y s te m s .
(S u p p o rtive  d e ta ile d  a n a ly s is  o f p ro d u c tio n  typ e  b y  e m p loyee  s iz e  and 
b y  b u s in e ss  a c t iv i t y  is  g ive n  in  A p p e n d ix  U ).
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6. 11 - MAJOR TECHNICAL CHANGES.
T h e  f ie ld  s u rv e y  has show n th a t in  a to ta l sa m p le  o f 287 f i r m s  in  th e  
m a n u fa c tu r in g  in d u s try , 52 p e rc e n t have in v e s te d  in  advanced co ­
o rd in a te  m e a s u r in g  m a ch in e  te ch n o lo g y  w h ile  the  b a la n ce  o f 48 p e r 
cent have not m ade th is  in v e s tm e n t. T h e  a im s  o f th is  s e c tio n  of the  
re s e a rc h  a re  as fo l lo w s : -
o T o  id e n t ify  m a jo r  te c h n ic a l changes m ade b y  a l l  o f the  f i r m s  in  
the  s u rv e y  o v e r the  la s t  tw o  y e a rs ,
o T o  c la s s ify  the se  m a jo r  changes b y  a te c h n o lo g ic a l a n a ly s is  and 
a rra n g e  th e m  in  u s e r o r  n o n -u s e r o f C M M  equ ipm en t g ro up s .
o T o  d e te rm in e  i f  th e re  a re  any s ig n if ic a n t d if fe re n c e s  be tw een 
u s e r and n o n -u s e r f i r m s ,
o T o  e s ta b lis h  any o v e ra l l  p o in ts  o f s ig n if ic a n c e  f r o m  th e  re s u lts  
ob ta ined .
D e f in it io n  o f m a jo r  te c h n ic a l changes.
M a jo r  te c h n ic a l changes a re  de fine d  fo r  th is  re s e a rc h  as those  
changes w h ic h  in c lu d e , as an e xam p le , the  in t ro d u c t io n  o f n u m e r ic a l 
c o n tro l m a ch in e  to o ls , the  in tro d u c t io n  o f t r a n s fe r  m a ch in e  s y s te m s , 
c o m p u te rs , ro b o t ic s , a u to m a tio n  and new p ro c e s s e s , th a t d id  not 
e x is t p re v io u s ly .
M a jo r  T e c h n ic a l Changes.
T a b le  No: 6 .1 0  is  a s u m m a ry  o f m a jo r  te c h n ic a l changes as re p o r te d  
in  the  s u rv e y . T h is  shows th a t out o f a to ta l o f 335 m a jo r  changes, 
260 o r  77 p e rc e n t w e re  m ade b y  f i r m s  a lre a d y  u s in g  C M M  equ ipm en t 
and 75 o r  23 p e rc e n t b y  f i r m s  not u s in g  C M M  e q u ipm en t. T h e  ■ 
n u m b e r o f f i r m s  in  the  u s e r and n o n -u s e r g roups w e re  d iv id e d  in to  
th e  changes m ade to  show th a t on ave rage , a l l  f i r m s  m ade 2, 6 m a jo r  
te c h n ic a l changes o v e r 2 y e a rs  (1. 3 p e r  annum ), u s e rs  o f C M M  
m ade 3. 4 changes o v e r th e  2 y e a rs  (o r  1 .7  p e r  annum ), w h ile  the 
n o n -u s e r f i r m s  m ade o n ly  1. 4 changes p e r  f i r m  o v e r 2 y e a rs  (o r 
0. 7 p e r  annum ).
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T A B L E  No; 6. 10
SUIVIMARY OF MAJOR TECH NICAL CHANGES
U s e r : Npn-User :  Total:
1. % % % % %
Computer Based  48 126 (-75) 56 42 (25) 50 168
2.
P r o c e s s  B ased  14 34 (72) 17 13 (28) 14 47
3.
Technica l  Sys tems  6 16 (55) 17 13 (45) 8 29
4.
Inspect ion M easu rem en t  32 84 (92) 9 7 (8) 27 91
TOTAL CHANGES; 100 260 100 75 100 335
(77%) (23%) (100%)
A verage  Majo r  Change
pe r  F i r m  3 .4  1 .4  2.6
- 3 4 3 -
C la s s if ic a t io n  o f m a jo r  te c h n ic a l changes.
A H  o f th e  m a jo r  te c h n ic a l changes re p o r te d  w e re  c la s s if ie d  in to  4 
b ro a d  g ro u p s  to  b e s t d e s c r ib e  th e  change. T h e se  g ro ups  w e re  t i t le d  
c o m p u te r, p ro c e s s , te c h n ic a l o r  in s p e c tio n  based  te c h n ic a l changes. 
T a b le  No: 6. 10 shows th a t 168 o f the  m a jo r  changes w e re  in  e ffe c t 
c o m p u te r based, th is  was 50 p e rc e n t o f a l l  the  changes re p o r te d . T h e  
next h ig h e s t g ro up  o f changes w e re  re la te d  to  in s p e c tio n  m e a s u re m e n t 
w h e re  91 changes w e re  re p o r te d  o r  27 p e rc e n t o f the  o v e ra l l  to ta l.
C o m p a ris o n  be tw een  f i r m s  u s in g  and not u s in g  C M M  te c h n o lo g y .
T a b le  No: 6 .11  p ro v id e s  a d e ta il a n a ly s is  o f a l l  the  m a jo r  te c h n ic a l 
changes re p o r te d  and s e p a ra te s  th e m  in to  4 g ro u p s , w h ic h  have been 
fu r th e r  b ro k e n  down to  show  the  typ e  o f changes w ith in  each g ro up . 
T h e  d if fe re n c e s  be tw een  the  u s e r and n o n -u s e r  f i r m s  a re  ev id e n t a t 
4 p o in ts  n a m e ly ,
N C /C N C  u s e r  f i r m s  a re  3 t im e s  m o re  a c tiv e .
T r a n s fe r / r o b o t ic s  u s e r f i r m s  a re  8 t im e s  m o re  a c tiv e . 
C o -o rd in a te  m e a s u r in g  u s e r f i r m s  a re  68 t im e s  m o re  a c tiv e . 
A u to m a tio n  n o n -u s e r f i r m s  a re  2 t im e s  m o re  a c tiv e .
One o th e r  in te re s t in g  asp ec t f r o m  T a b le  No: 6 .11  is  the  n u m b e r o f 
f i r m s  in  b o th  the  u s e r and n o n -u s e r g roups w ho re p o r te d  no m a jo r  
te c h n ic a l changes o v e r the  la s t  2 -y e a r  p e r io d . T h is  re p re s e n ts  33 
p e rc e n t o f th e  to ta l s u rv e y , 51 p e rc e n t fo r  a l l  n o n -u s e r  f i r m s  and 16 
p e rc e n t o f a l l  u s e r f i r m s .
O v e ra l l  p o in ts  o f s ig n if ic a n c e .
o M a n y  m a n u fa c tu r in g  f i r m s  in  B r i ta in  a re  b y  and la rg e  in v e s t in g  
in  som e m a jo r  te c h n ic a l change a t the  ra te  o f 1 .3  changes p e r 
annum .
o O v e r 50 p e rc e n t o f th ese  changes have som e re la t io n s h ip  to  a 
c o m p u te r o r  n u m e r ic a l c o n tro l s ys te m .
o F ir m s  a lre a d y  u s in g  C M M  equ ipm en t a re  m uch  m o re  a c tiv e  in  
m a k in g  m a jo r  te c h n ic a l changes th a n  those  f i r m s  not us in g  C M M  
e q u ip m e n t, th e  o n ly  e xce p tio n  to  th is  is  w ith  a u to m a tio n  w h e re  
non u s e r  f i r m s  a re  tw ic e  as a c tiv e  as u s e r f i r m s .
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TABLE No: 6.11
D E T A IL  O F  M A JO R  T E C H N IC A L  CHANGES
U s e r N o n -U s e r T o ta l
T e c h n ic a l Change: F ir m s :  F i r m s : A l l  F;
1. C o m p u te r B ased.
M a c h in in g  C e n tre s 18 4 22
*  N C /C N C 98 31 129
DRO 3 5 8
C A D /C A M 7 2 9
2. P ro c e s s  B ased.
W  e ld in g 2 2 4
S o ld e r in g 2 4 6
H ea t T re a t 0 1 1
S pa rk  E ro s io n 2 0 2
New co n v e n tio n a l m /c  to o ls 9 2 11
New a s s e m b ly  sys te m s 1 2 3
T r a n s fe r  s y s te m s /ro b o t ic s 16 2 18
M a te r ia l  H a n d lin g 2 0 2
3. T e c h n ic a l S ys tem s
A u to m a tio n 5 10 15
G roup  T e c h n o lo g y 2 1 3
D ata  C o lle c t io n 8 2 10
A d a p tiv e  C o n tro l 1 0 1
4, In s p e c tio n  M e a s u re m e n t.
T  e s tin g /G a u g in g 16 7 23
C o -o rd in a te  M e a s u r in g 68 0 68
T O T A L  Changes 260 75 335
T o ta l f i r m s  re p o r t in g 101 123 224
No. f i r m s  not d o in g  a n y th in g 25 70 95
B a la n ce  w ith  te c h n ic a l changes 76 53 129
A v e ra g e  m a jo r  changes p e r  f i r m 3 .4 1 .4 2. 6
^ N. C, N u m e r ic a l C o n tro l M a ch ine  T o o ls
CNC C o m p u te r C o n tro lle d  N u m e r ic a l C o n tro l M a ch in e  T o o ls  
DRO D ig ita l  Readout S ystem s 
CAD C o m p u te r A id e d  D es ign
C A M  C o m p u te r A id e d  M a n u fa c tu re ,
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o O v e r a t h i r d  o f a l l  the  f i r m s  in  the  to ta l  s u rv e y  have  not m ade 
any m a jo r  te c h n ic a l changes o v e r th e  la s t  2-y e a r  p e r io d .
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6. 12 - EFFECTS ON PRODUCTION SYSTEMS FROM MAJOR
TECHNICAL CHANGES.
H a v in g  e s ta b lis h e d  in  th e  la s t  s e c tio n  th a t each f i r m  in  the  s u rv e y  
who re p o r te d  h a v in g  m ade a m a jo r  te c h n ic a l change w e re  on a ve rag e  
m a k in g  changes a t th e  ra te  o f 1. 3 p e r  annum  p e r  f i r m ,  how d id  these  
changes a ffe c t th e  n a tu re  o f the  e x is t in g  p ro d u c tio n  sys tem ?
T a b le  No: 6 .1 2  shows a s u m m a ry  o f th e  e ffe c ts  re p o r te d  b y  f i r m s  in  
th e  s u rv e y . In  to ta l  203 e ffe c ts  w e re  noted in  a to ta l o f 77 f i r m s  o r  
1 .1 6  e ffe c ts  p e r  f i r m .  T h e se  e ffe c ts  w e re  b ro k e n  dow n in to  5 
c a te g o rie s  as fo llo w s  : -
o E ffe c ts  on peop le .
o E ffe c ts  on th e  p e r fo rm a n c e  o f th e  f i r m ,
o E ffe c ts  on th e  c o n tro l s y s te m s ,
o E ffe c ts  on the  te ch n o lo g y ,
o No e ffe c ts  o b se rve d .
W h ile  i t  is  no ted  th a t 39 p e rc e n t o f the  f i r m s  re p o r te d  no e ffe c ts , the  
b a la n ce  o f 61 p e rc e n t in d ic a te d  th a t 77 f i r m s  had been  a ffe c te d  w ith  
th e  in t ro d u c t io n  o f th e  p re v io u s ly  d e s c r ib e d  m a jo r  te c h n ic a l changes. 
T a b le  No: 6 .1 2  fu r th e r  shows th a t u s e r f i r m s  had 123 e ffe c ts  o r  60 
p e rc e n t and n o n -u s e r  f i r m s  80 e ffe c ts  o r  40 p e rc e n t o f th e  to ta l.
T h is  re p re s e n te d  on a ve ra g e  1. 05 e ffe c ts  p e r  f i r m  fo r  u s e r f i r m s  and 
1. 4 e ffe c ts  p e r  f i r m  f o r  the  n o n -u s e r  f i r m s .  (T h e re  w e re  fe w e r  
a ffe c te d  f i r m s  in  th e  n o n -u s e r g ro u p  th e re fo re  th e  r a t io  p e r  f i r m  is  
h ig h e r ) .  U s e r  f i r m s  a ppe a r to  be m o re  a ffe c te d  w ith  s y s te m s  c o n tro l 
and peop le  th a n  n o n -u s e r f i r m s  bu t th e re  a re  o n ly  m a rg in a l d i f f e r ­
ences w ith  p e r fo rm a n c e  and te c h n o lo g y  s y s te m s .
T a b le  N o: 6. 13 shows th e  d e ta ils  o f e ffe c ts  on the  p ro d u c tio n  s ys te m s  
and in d ic a te s  the  e ffe c ts  on each o f the  4 c a te g o rie s  d is c o u n tin g  the  
f i f t h  c a te g o ry  o f no e ffe c t. E ffe c ts  on peop le , show  th a t u s e r f i r m s  
have in tro d u c e d  doub le  s h if t in g  and re duced  la b o u r . D if fe re n c e s  in  
p e r fo rm a n c e  show  th a t m o re  n o n -u s e r f i r m s  have o b se rve d  
/ ____ -3 4 7 -
TABLE No: 6. 12
EFFECT ON THE PRODUCTION SYSTEM
E ffe c t U s e r  N o n -U s e r  T O T A L
1 % % % % %
E ffe c t on P e o p le  8 10 (71) 5 4 (20) (7) 14
2
S ystem  P e r fo rm a n c e  22 28 (53) 30 24 (47) (25) 52
3
S ystem  C o n tro l 13 16 (66) 10 8 (33) (12) 24
4
S ystem  T e c h n o lo g y  15 19 (55) 18 15 (45) (16) 34
5
No E ffe c t 41 50 (63) 36 29 (37) (39) 79
T o ta l E ffe c ts : 100% 123 (60) 100% 80 (40) 203
A . T o ta l F i r m s  152 137 289
B . F ir m s  No T e c h n ic a l
Changes 27 74 101
C. T o ta l F i r m s  w ith
Changes 125 63 188
D . F ir m s  w ith  te c h n ic a l
changes b u t no e ffe c ts  48 29 77
E . E ffe c te d  F ir m s  77 34 111
A v e ra g e  e ffe c ts  p e r
f i r m :  1 .0 5  1 ,4  1 ,16 ,
- 3 4 8 -
TABLE No: 6. 13
DETAIL OF EFFECT ON THE PRODUCTION SYSTEMS
E ffe c t :
1.
E ffe c t on P e o p le  
R educe L a b o u r  
O p e ra to r  S k i l l  R educed 
D oub le  S h ift in g  
T O T A L :
U s e r : N o n -U s e r:
5
2
_ 3
10
2
2
0
4
T o ta l:
14
2 .
S ystem  P e r fo rm a n c e  
In c re a s e  O u tpu t 
Im p ro v e  Q u a lity  
R educe C osts  
In c re a s e  C a p a c ity  
In c re a s e  V e r s a t i l i t y  
In c re a s e  B a tc h  S ize 
T O T A L :
12
4 
3
5 
1
__3
28
10
7
2
2
1
2
24
22
11
5
7
2
5
52
3.
S ys tem  C o n tro l 
A dded  P la n n e rs  
D ata  C o lle c t io n  
Change In s p e c tio n  P ro c e d u re s  
T O T A L :
4
7
_5
16
5
10
9
24
4.
S ys tem  T e c h n o lo g y
Im p ro v e  M a te r ia l  H a n d lin g  
Change P la n t L a y o u t 
In s ta l G ro up  T e c h n o lo g y  
A d d  T r a n s fe r  S ys tem s 
A u to m a te
Change o r /a d d  p ro c e s s  
T O T A L : 19
1
1
3
3
2
5
15
2
1
7
7
10
_ 7
34
5,
No Change o r  E ffe c t
(d e sp ite  M a jo r  T e c h n ic a l Changes)
TOTAL:
50
123
29
80
79
203
-349-
im p ro v e m e n ts  in  q u a li ty  th an  u s e r f i r m s .  C o n tro l s y s te m s  in d ic a te  
th a t m o re  w h ite  c o l la r  p la n n e rs  have been added to  u s e r f i r m s  and 
data c o lle c t io n  s y s te m s  have been in c re a s e d . W ith  the  fo u r th  c a te ­
g o ry  o f te ch n o lo g y , u s e r f i r m s  appea r to  have au to m a te d  to  a h ig h e r  
d eg ree  th a n  n o n -u s e r f i r m s .  U s e r  f i r m s  re p o r t  m o re  no change o r  
no e ffe c ts  th a n  n o n -u s e r  f i r m s .  T h e  12th A m e r ic a n  M a c h in is t 
In v e n to ry  o f M e ta lw o rk in g  E q u ip m e n t 1976-78 ( re f ;  58) shows a 
d ra m a t ic  g ro w th  o f N. C , , equ ipm en t o v e r th e  la s t  15 y e a rs , the  to ta l 
n u m b e r o f N . C . , m a ch in e s  has doub led  in  A m e r ic a  o v e r th e  la s t  5 
y e a rs  a lone  w ith  m u lt ifu n c t io n  m ach in e s  (m a c h in in g  c e n te rs ) in c re a s ­
in g  b y  37 p e rc e n t and th e  n u m b e r o f w a y -ty p e  and t r a n s fe r  m a ch in e s  
has in c re a s e d  b y  26 p e rc e n t. T h e re  is  a d e f in ite  d ro p  in  to ta l  m a ­
ch in e  to o ls , in  fa c t th e  n u m b e r o f m a ch in e  to o ls  in s ta lle d  in  the  la s t  
5 y e a rs  is  h a lf  th a t o f the  p re v io u s  5 y e a rs , in  th a t th e re  a re  fe w e r  
m a ch in e s  b u t g re a te r  o u tpu t, A  s im i la r  p a tte rn  is  show n w ith  B r i t is h  
m a n u fa c tu r in g  in d u s try  as re p o r te d  in  M e ta lw o rk in g  P ro d u c t io n 's  
F o u r th  S u rv e y  o f M a ch in e  T o o ls  p u b lis h e d  in  1977, ( re f ,  59). T h e y  
re p o r t  a f la t te n in g  o ff  w ith  the  g ro w th  o f m a ch in e  to o ls  in  to ta l b u t an 
in c re a s in g  p e rce n ta g e  o f N , C , , m a ch in e  to o ls . In  1971 N, C . , m a ­
ch ines  re p re s e n te d  0, 65 p e rc e n t o f a l l  m e ta lc u t t in g  m a ch in e  to o ls , in  
1976 th e  p ro p o r t io n  had in c re a s e d  to  1 .3 2  p e rc e n t. T h e se  re s u lts  
f r o m  A m e r ic a  and B r i t a in  c o r re la te  w ith  th is  re s e a rc h  fo r  m a jo r  
changes in  te c h n ic a l ite m s  e s p e c ia lly  re la te d  to  c o m p u te r based 
changes. T h e  d if fe re n c e  re f le c te d  in  th is  re s e a rc h  shows th a t 
a lth ou g h  m a n y  f i r m s  a re  p u sh in g  on w ith  m e ta lc u t t in g  and m e ta l-  
fo rm in g  te c h n o lo g y , a lm o s t 48 p e rc e n t o f a l l  th e  f i r m s  in  th is  
re s e a rc h  a re  not s u p p o rtin g  th e i r  f r o n t  l in e  te ch n o lo g y  w ith  new 
f r in g e  te c h n o lo g y  such as advanced m e a s u r in g  e q u ip m e n t.
R e m a rk a b ly  th e re  is  a v e ry  s m a ll p e rce n ta g e  o f f i r m s  re p o r t in g  any 
changes in  th e ir  p ro d u c tio n  s y s te m  as re la te d  to  peop le . One w ou ld  
c o n s id e r w ith  a re d u c t io n  on to ta l m a ch ine  to o ls , an in c re a s e  in  m a ­
c h in in g  c e n te rs  w ith  subsequent h ig h e r  ou tpu t, th e n  fe w e r  peop le  
w ou ld  be re q u ire d , ye t o n ly  7 f i r m s  re p o r te d  a la b o u r  re d u c tio n ,
indeed  o n ly  4 f i r m s  re p o r te d  a s k i l l  re d u c t io n  w h ic h  tends to  ra is e
m o re  q u e s tio n s  on how  f i r m s  a re  im p le m e n tin g  these  changes,
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6. 13 - P R O B L E M S  C O N C E R N IN G  T H E  D IS P O S IT IO N  OP
E M P L O Y E E S  W HO A R E  OR W IL L  B E  D IS P L A C E D  B Y  
A U T O M A T IO N .
One o f th e  m o s t d i f f ic u l t  p ro b le m s  w h ich  fa ce s  f i r m s  who a re  m o v in g  
f r o m  la b o u r  in te n s iv e  to  c a p ita l in te n s iv e  e n v iro n m e n ts  w ith in  th e ir  
o rg a n is a tio n s , m u s t be th e  q u e s tio n  on w hat to  do w ith  d is p la c e d  
e m p lo ye e s . T h e  s u rv e y  q u e s t io n n a ire  posed the fo llo w in g  q u e s tio n  -
o H ow  w o u ld  you p la n  to  ta ke  c a re  o f y o u r  peop le  as you m ove  
m o re  to w a rd s  m o re  a u to m a tio n  and le s s  la b o u r  in te n s iv e  
equ ipm ent?  (see A p p e n d ix  T ,  q u e s tio n  21).
6 m u lt i  ch o ice  re sp o n se s  w e re  g ive n  fo r  each p o s s ib le  a lte rn a t iv e  o r  
a lte rn a t iv e s  i f  m o re  th a n  one p la n  w as a v a ila b le , th e se  cho ice s  w e re  -
o B y  n o rm a l w as tage .
o B y  r e - t r a in in g  to  o th e r  re m a in in g  s k i l ls ,
o B y  a phased re d u n d a n cy  p o lic y ,
o No p a r t ic u la r  p la n  -  le t  i t  happen,
o S h o r te r  w o rk in g  w eek, 
o O th e r.
R e s u lts  o f th e  s u rv e y  -  b y  b u s in e ss  a c t iv i t y .
T a b le s  N os: 6 .1 4  and 6 .1 5  show  th e  d e ta ils  o f b o th  u s e r and n o n -u s e r  
f i r m s  b y  b u s in e ss  a c t iv i t y  f o r  the  6 a lte rn a t iv e s  r e c a ll in g  th a t som e 
f i r m s  resp on d e d  to  m o re  th a n  one ch o ice . T h e  re s u lts  f r o m  the  
u s e rs  in d ic a te  a p re fe re n c e  in  th e i r  p lan s  f o r  2 m a jo r  avenues; f i r s t  
a p o lic y  o f r e - t r a in in g  fo llo w e d  b y  a second a lte rn a t iv e  o f n o rm a l 
w astage . T h e  f i r m s  in  b u s in e ss  a c t iv it ie s  s tro n g e s t f o r  b o th  o f these  
p la n s  w e re  t r a c to r / t r u c k s ,  e le c tro n ic  and a ir c r a f t .  T h e  th i r d  la rg e s t 
re sp o n se  cam e f r o m  o th e r , m e a n in g  an a lte rn a t iv e  not l is te d  such as 
in c re a s in g  ou tpu t o r  p ro d u c t iv i ty  so th a t the  d is p la c e d  p e rs o n n e l 
m aybe  a b so rb e d  in to  th is  h ig h e r  th ro u g h p u t a c t iv it y .  O n ly  a v e ry  
s m a ll n u m b e r o f f i r m s  re sp ond ed  to  the  o th e r a lte rn a t iv e s  such as 
phased re d un d a ncy , no p la n  o r  s h o r te r  w eek, a lth o u g h  i t  is  e v id e n t 
f r o m  re p o r te d  cases th a t m a n y  f i r m s  p ra c t ic e  one o f th e se  3 
/ . . .  -3 5 1 -
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m e a su re s  in  the  s h o r te r  te r m  b u t m a y  not n e c e s s a r i ly  p la n  fo r  these  
ap p ro a ch es . T h e  n o n -u s e r f i r m s  in d ic a te d  in  T a b le  No: 6 ,15  a 
s im i la r  a p p ro a ch  to  th e  u s e r f i r m s  w ith  the  la rg e s t  p e rce n ta g e  o f 
th e i r  re sp on se s  go ing  fo r  r e - t r a in in g  and n o rm a l w as tage . Some 
re sp o n se  was g iv e n  to  o th e r and show n to  re p re s e n t a body o f th in k ­
in g  fo r  in c re a s in g  ou tpu t, g a in in g  m o re  sa les  and thu s  a b s o rb in g  the  
m a n p o w e r so d is p la c e d  b y  a u to m a tio n . T h e  b u s in e ss  a c t iv it ie s  o f 
f i r m s  in  th e  n o n -u s e r  g ro up  w ith  the  h ig h e s t re sp o n se s  fo r  the  2 above 
a lte rn a t iv e s  w e re  a g a in  th o se  in  m is c e lla n e o u s , e le c tro n ic s  and 
m a c h in in g .
T h e  re s u lts  o f the  s u rv e y  -  b y  em p loyee  s iz e .
W ith  the  o v e ra l l  to ta l  p e rce n ta g e s  b e in g  id e n t ic a l to  th o se  show n and 
d iscu sse d  in  th e  ta b le s  f o r  b u s in e ss  a c t iv it ie s ,  i t  re m a in s  o n ly  
n e c e s s a ry  to  re v ie w  and d iscu ss  the  d e ta il,  o f w h ic h  em p loyee  s ize  
g ro up  is  s tro n g e s t f o r  each g iv e n  a lte rn a t iv e .  T h e  h ig h e s t n u m b e r of 
f i r m s  in  th e  u s e r  g ro up  o f f i r m s  in  T a b le  No: 6 . 1 6  f o r  r e - t r a in in g  as 
an a lte rn a t iv e  w as in  the  5, 000 p lu s  s iz e , fo llo w e d  c lo s e ly  b y  f i r m s  
in  the  500 to  999 and 1, 000 to  1, 999 em p loyee  s iz e . T h e  la rg e s t  
n u m b e r o f f i r m s  f o r  a n o rm a l w astage  a p p ro a ch  w as in  the  1, 000 to  
1, 999 e m p lo ye e  s iz e  g ro u p . T h e  e a r l ie r  d is c u s s io n  on the  o th e r 
a lte rn a t iv e  was show n to  be m o s t p o p u la r w ith  f i r m s  a t 100 to  499 
and 500 to  999 e m p loyee  s iz e  g ro u p s , th a t is ,  th e se  f i r m s  c o n s id e re d  
go ing  out f o r  m o re  sa le s  to  in c re a s e  w o rk lo a d  as the  b e s t a lte rn a t iv e .  
T a b le  No: 6 ,1 7  p ro v id e s  th e  sam e data  fo r  n o n -u s e r  f i r m s  and shows 
these  f i r m s  w e re  v e r y  e v e n ly  d iv id e d  in  th e ir  p la n s  o r  la c k  o f p lans  
f o r  a u to m a tio n . O n ly  a t 1, 000 to  1, 999 e m p loyee  s iz e  g roup  was 
th e re  any s ig n if ic a n c e  fo r  a p o lic y  o f n o rm a l w as tage , a lthou gh  m o s t 
f i r m s  chose n o rm a l w astage  a n d /o r  r e - t r a in in g  as the  m o s t a c c e p t­
ab le  a lte rn a t iv e s . T h e  f i r m s  who chose o th e r as an a lte rn a t iv e ,  such 
as in c re a s in g  ou tpu t, w e re  a l l  in  the  s m a lle s t s iz e  o f f i r m s  in  the  
s u rv e y  f r o m  10 up to  500 e m p loyees .
T h e  m a jo r  s ig n if ic a n c e  f r o m  the se  re s u lts  is  th a t f i r m s  in  g e n e ra l
seek and p la n  fo r  the  m o s t acce p ta b le  a lte rn a t iv e s  fo r  d is p o s it io n  of 
/ ' • •  - 3 5 4 -
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peop le  due to  a u to m a tio n . A c c e p ta b le  in  te rm s  o f b e t te r  c o n tro l b y  
the  f i r m  and a cce p ta b le  to  the  em p loyees a t la rg e ,  d is p la c e d  b y  the 
a u to m a tio n . E xce p t in  som e e x tre m e  cases, a u to m a tio n  has an 
e v o lu t io n a ry  e ffe c t on f i r m s '  em p lo yee  s iz e  and g e n e ra lly  phases in  
s lo w ly  enough to  p e rm it  m in im u m  d is ru p t io n  am ong th e  la b o u r  fo rc e . 
One re c e n t e x tre m e  case was the  in tro d u c t io n  o f a v e r y  la rg e  c o m ­
p u te r  c o n tro lle d  g la ss  c u tt in g  m a ch in e  b y  P i lk in g to n  B ro th e rs  in  
E ng land , the  re s u lt  o f th is  new in n o v a tio n  was the  d is p la c e m e n t o f 
4 0 0 .e m p lo ye e s . P i lk in g to n  d e c la re d  a phased re d u n d a n cy  a p p ro a ch  
bu t the  lo c a l and n a tio n a l tra d e  un ion  re p re s e n ta t iv e s  w an ted  a 
s h o r te r  w o rk in g  w eek. T h e  case con tinu es  u n re s o lv e d  bu t i t  does 
in d ic a te  th a t th e  im p a c t o r  p ro b le m  o f a u to m a tio n  can in  the  s h o r t 
te r m  fo rc e  a lte rn a t iv e s  w h ic h  b o th  e m p lo y e rs  and em p loye es  f in d  
unacce p ta b le .
I t  appea rs  re a s o n a b le  to  assum e  th a t f i r m s  do not w an t to  lo s e  th e ir  
s k i l le d  e m p loyee s  and w ou ld , i f  p o s s ib le , seek r e - t r a in in g  as the  
b e s t s o lu t io n , b u t th is  a p p ro a ch  m a y  have to  be a c c e le ra te d  w ith  a 
n o rm a l w astage  p la n  w h ic h  is  a s s is te d  b y  e a r ly  re t ire m e n ts  and 
p e rm a n e n t le a ve  fo r  th e  m e d ic a l ly  u n fit .  In  a l l  in s ta n c e s , 
c o -o p e ra t io n  and a d eg ree  o f f le x ib i l i t y  is  re q u ire d  o f e m p loyees and 
tra d e  un ions i f  the  e x e rc is e  is  to  succeed.
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6. 14 -  R E S IS T A N C E  T O  A U T O M A T IO N  A N D  A D V A N C E D  
T E C H N O LO G IE S  SUCH AS C O M P U T E R -A S S IS T E D  
M E  A  SU R IN G . M A  C H IN E S .
P r io r  re s e a rc h  re p o r te d  in  th e  l i t e r a tu r e  suggests  th a t em p loyees  
w i l l  r e s is t  changes to  th e i r  w o rk  a ss ig n m e n ts  as a re s u lt  o f a u to ­
m a tio n  and o th e r  advanced te c h n o lo g ie s . In  o rd e r  to  te s t th is  
su g ge s tio n , f i r m s  in  the  s u rv e y  w e re  asked the  fo llo w in g  q u e s tio n  -
o I t  has been suggested  th a t a u to m a tio n  and advanced te c h n o lo g y  o f 
any k in d  w i l l  be re s is te d  fo r  v a r io u s  re a s o n s , som e o f w h ic h  a re  
as fo llo w s  -  has th is  been y o u r  e xp e rie n ce  w ith  in s p e c tio n  e q u ip ­
m e n t in  p a r t ic u la r?  (see A p p e n d ix  T , q u e s tio n  No: 23).
E ach  re sp o n d e n t w as re q u e s te d  to  a n sw e r ye s , no o r  p e rhaps  to  the  
fo llo w in g  9 re a s o n s . (The  v a r io u s  re a son s  have been sh o rte n e d  h e re  
in  the  te x t ,  b u t a re  show n in  f u l l  in  th e  ab ove m e n tion e d  A p p e n d ix ).
o S ta tus and p re ro g a t iv e ,
o E x is t in g  w ays ,
o S k il ls ,  e x p e rie n c e  and know le dge , 
o S e c u r ity  o f e m p lo ym e n t,
o A v o id  s c ra p in g  a sse ts ,
o A v o id  a lte r in g  o th e r  s y s te m s ,
o P e a r  o f change,
o C o n f lic t  w ith  o rg a n is e d  g ro u p s ,
o In c re a s e s  m y s tiq u e .
R e s u lts  o f S u rve y  -  b y  b u s in e ss  a c t iv ity .
T a b le  No: 6 .1 8  show s the  da ta  c o lle c te d  f r o m  147 u s e r  f i r m s  in  the  
s u rv e y . R e v ie w in g  the  to ta l re s u lts ,  i t  in d ic a te s  th a t fe a r  o f change, 
job  s e c u r ity  and s k i l ls  know ledge  w e re  the  to p  3 re a so n s  g ive n  fo r  
r e s is t in g  th e  a u to m a tio n , w ith  43, 40 and 35 p e rc e n t o f the  com b in ed  
yes and p e rha p s  re sp o n se s  g ive n  to  these  re a s o n s . T h e  2 m o s t p r o ­
m in e n t b u s in e ss  a c t iv it ie s  fo r  the re a so n  o f fe a r  o f change w e re  
t r a c to r / t r u c k s  and m o to r ,  bu t no s ig n if ic a n c e  can be a ttached  to  th is  
p a r t ic u la r  r e s u lt  as m o s t f i r m s  w ou ld  a lm o s t n a tu ra l ly  in d ic a te  a 
de gree  o f fe a r  o f change. I t  was in te re s t in g  to  o b se rve  th a t the
re a s o n  fo r  le a s t co n c e rn  was g iv e n  to  p o s s ib le  c o n f l ic t  w ith  
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o rg a n is e d  b o d ie s , such as tra d e  un ions . T h is  m aybe  as a re s u lt  o f 
th e  re s p o n d e n ts ’ own a tt itu d e s  to  tra d e  un ions f r o m  a m a n a g e r ia l 
a spect o r  a lte rn a t iv e ly  as a re c o g n it io n  b y  the  t ra d e  un ions th a t a u to ­
m a tio n  and advanced te ch n o lo g ie s  a re  an in e v ita b le  p a r t  o f te c h n o ­
lo g ic a l p ro g re s s  w ith o u t w h ic h  m a n u fa c tu r in g  in d u s try  cannot 
s u rv iv e  on a c o m p e t it iv e  b a s is  w ith  o th e r c o u n tr ie s . T a b le  No: 6.19 
shows the  data  as c o lle c te d  f r o m  104 n o n -u s e r  f i r m s  in  the  s u rv e y .
In  th is  in s ta n c e  the  to p  3 re a so n s  w e re  g ive n  as fe a r  o r  change, 
a vo id  a lte r in g  o th e r  sy s te m s  in  h a rm o n y  w ith  in s p e c tio n , and s k i l l s /  
know ledge . T h e  re a s o n  g iv in g  le a s t c o n c e rn  w as s ta tu s  and p r e ­
ro g a t iv e . T h e  b u s in e ss  a c t iv it ie s  o f the  n o n -u s e r g ro u p  who w e re  
s tro n g e s t in  th e i r  re sp o n se  to  fe a r  o f change w e re  m is c e lla n e o u s  and 
m a c h in in g ; a g a in  no m a jo r  s ig n if ic a n c e  is  d ra w n  f r o m  th is  as the  
n u m b e r o f f i r m s  in  th is  c a te g o ry  w e re  f a i r l y  e v e n ly  s p re a d  and these  
2 top  a c t iv it ie s  a ls o  had a h ig h  p e rce n ta g e  o f th e  to ta l  p o p u la tio n  o f 
a l l  f i r m s .
R e s u lts  o f th e  s u rv e y  - b y  e m p loyee  s iz e .
T a b le  No: 6. 20 show s the  data  c o lle c te d  f r o m  137 u s e r  f i r m s  
a rra n g e d  b y  7 e m p lo ye e  s iz e  g ro u p in g s . T h is  t im e  the  to p  3 re a so n s  
g ive n  f o r  re s is ta n c e  w e re  jo b  s e c u r ity ,  s k i l l s / kn ow ledge  and e x is t in g  
w ays a t 39, 34 and 32 p e rc e n t o f th e  com b ined  re s u lts  fo r  yes and 
p e rhaps  in  each v a r ia b le .  T h e  le a s t co n c e rn  w as g iv e n  e q u a lly  to  
c o n f l ic t  w ith  o rg a n is e d  b o d ies  and s ta tu s /p re ro g a t iv e .  T h e  le a d in g  
e m p lo ye e  s iz e  g ro u p in g s  fo r  job  s e c u r ity  as b e in g  th e  n u m b e r one 
re a so n  to  r e s is t  w as g iv e n  b y  f i r m s  o f 2, 000 to  4, 999 and 5, 000 p lu s  
e m p loyee  s iz e  g ro u p in g s , th a t is  the  la rg e s t  s iz e  o f f i r m s .  T a b le  
No: 6. 21 gave th e  re s u lts  f o r  102 n o n -u s e r  f i r m s  b y  em p lo ye e  s iz e  
g ro u p in g s , th is  t im e  th e  top  3 re a son s  w e re  g iv e n  as fe a r  o f change, 
a v o id  th e  need to  change o th e r  s y s te m s , and s k i l l s / know ledge  w h ich  
w as e x a c tly  the  sam e o rd e r  fo r  th e  sam e data  as show n b y  b u s in e ss  
a c t iv ity .  O nce a g a in  the  re a s o n  g ive n  of le a s t c o n c e rn  was c o n f l ic t  
w ith  o rg a n is e d  b o d ie s . T h e  s tro n g e s t em p loyee  s iz e  g ro u p in g  
re s p o n d in g  to  these  above re a son s  w e re  a l l  in  the  100 to  499
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g ro u p  b u t th is  g ro u p  had th e  h ig h e s t p o p u la tio n  am ong  a l l  the  non­
u s e r f i r m s  and re s u lts  a re  h e a v ily  w e ig h te d  in  th is  d ire c t io n .
S u m m a ry  o f F in d in g s .
T o p  3 re a so n s  g iv e n  b y  each c a te g o ry .
B u s in e s s  a c t iv i t y  -  u s e r: P e a r o f change, job  s e c u r ity ,
s k i l ls  /  kno w ledge .
B u s in e ss  a c t iv i t y  -  non u s e r: F e a r  o f change, a vo id  change
o th e r s y s te m s , s k ills /k n o w le d g e . 
E m p lo ye e  s iz e  -  u s e r: Job s e c u r ity ^  s k il ls /k n o w le d g e ,
e x is t in g  w ays .
E m p lo ye e  s i z e  -  non u s e r: F e a r  o f change, a vo id  change •
o th e r  s y s te m s , s k ills /k n o w le d g e .
L e a s t co n c e rn  re a s o n  fo r  each c a te g o ry .
B u s in e s s  a c t iv i t y  -  u s e r: C o n f lic t  w ith  o rg a n is e d  g ro u p s .
B u s in e ss  a c t iv i t y  -  non u s e r : S tatus and p re ro g a t iv e .
E m p lo ye e  s iz e  -  u s e r: C o n f lic t  and s ta tu s .
E m p lo y e e  s iz e  -  non u s e r: C o n f lic t  w ith  o rg a n is e d  g ro u p s .
T h e  m o s t co m m o n  re a s o n  v a r ia b le  g ive n  b y  a l l  c a te g o rie s  is  a r e s is t ­
ance due to  the  need to  p ro te c t h a n d s k ills ,  e x p e rie n c e  and know ledge , 
th e  second m o s t co m m on  re a s o n  fo r  re s is ta n c e  is  a g e n e ra l fe a r  of 
change. T h is  r e s u lt  is  o f h ig h  im p o rta n c e  to  th is  re s e a rc h  as i t  
suggests  th a t 287 f i r m s  a re  e x p e r ie n c in g  som e d e g re e  o f re s is ta n c e  
to  th e  in t ro d u c t io n  o f new te c h n o lo g ie s  m a in ly  due to  th e i r  e m p lo ye e s ' 
need to  p ro te c t th e i r  deve loped  h a n d s k ills  in  ta s k s  w h ic h  a re  
b e co m in g  o b so le te . A n  e x p e rie n c e  a c q u ire d  o v e r y e a rs  o f w o rk in g  
l i f e  and a know ledge  w h ic h  m a y  becom e s u p e rf lu o u s  in  t im e . G e n e ra l 
fe a r  o f change is  a co m m on  p s y c h o lo g ic a l de fence  and is  o f no 
p a r t ic u la r  s ig n if ic a n c e  to  th is  re s e a rc h  f in d in g .
I t  is  o f in te re s t  to  o b s e rv e  th a t the  le a s t re a s o n  fo r  re s is ta n c e  is  
g ive n  to  the  need to  a vo id  c o n f l ic t  w ith  o rg a n is e d  g ro u p s . T h is  aga in  
is  im p o r ta n t because i t  sum s up an a tt itu d e  o f a la rg e  n u m b e r o f 
f i r m s  w h ic h  w ou ld  be a sa m p le  o f the  o v e ra l l  p o p u la tio n  o f m a n u ­
fa c tu r in g  in d u s try .
/ . . . .  -364-
6. 15 -  O B S E R V E D  E F F E C T S  O F NEW  T E C H N O L O G Y  O N  A
L A R G E  N U M B E R  O F  F IR M S  IN  B R IT A IN  A N D  A M E R IC A .
T h e  o b je c tiv e  o f c h a p te r 6 was to  deve lop  a d d it io n a l in fo rm a t io n  and 
fu r th e r  u n d e rs ta n d in g  o f advances in  new te c h n o lo g y  in  m a n u fa c tu r in g  
in d u s try .  T o  a ch ie ve  th is  a la rg e  f ie ld  s u rv e y  w as m ade o f m a n u ­
fa c tu r in g  f i r m s  lo c a te d  in  B r i ta in  and A m e r ic a ,  T h e  s u rv e y  v e h ic le  
used in  th is  f ie ld  s tu d y  was a w r i t te n  q u e s t io n n a ire , a copy o f w h ic h  
is  g ive n  in  A p p e n d ix  T . T h e  to ta l o f 287 f i r m s  re sp o n d e d  p o s it iv e ly  
to  the  f ie ld  s u rv e y  and the  re s u lts  w e re  a na lyse d  b y  a ,c o m p u te r  p r o ­
g ra m m e  and s o r te d  u n d e r the  6 ke y  fa c to rs  o f the  e n te rp r is e  n a m e ly , 
o rg a n is a tio n  s t ru c tu re ,  m anagem ent, s tra te g ie s , m a ch in e  shop 
e n v iro n m e n t, c o n tro l s y s te m s  and peop le . T h e se  fa c to rs  a re  
d iscu sse d  as fo l lo w s : -
O rg a n is a tio n  S tru c tu re .
I t  is  e v id e n t th a t th e re  a re  m a rk e d  d if fe re n c e s  be tw een  f i r m s  u s in g  
new m e a s u r in g  m a ch in e  te ch n o lo g ie s  and those  f i r m s  no t u s in g  th e se  
te c h n o lo g ie s . T h e s e  d if fe re n c e s  a re  re la te d  to  d iv is io n  o f la b o u r . I t  
w as a p p a re n t th a t non u s e r  f i r m s  had a g re a te r  n u m b e r o f p o s it io n  
t i t le s  p e r  f i r m  than th e  u s e r f i r m s  and th a t th e re  w e re  d is t in c t  d i f f e r ­
ences b e tw een  th e  nam es g ive n  to  these  p o s it io n  t i t le s  be tw een  the  2 
s u b je c t g ro u p s . I t  was a ls o  no ted  th a t non u s e r f i r m s  had m o re  f i r s t  
l in e  s u p e rv is o rs  th a n  u s e r f i r m s .  I t  is  im p lie d  f r o m  th is  ev idence  
th a t f i r m s  in tro d u c in g  new m e a s u r in g  m a ch in e  te c h n o lo g y  e ith e r  had 
these  typ e s  o f d iv is io n s  e x is t in g  in  th e i r  la b o u r  o r  m ade changes in  
t h e i r  s t ru c tu re s  due to  th e  im p a c t o f the  new te c h n o lo g ie s . T h e  data 
p re v io u s ly  d is c u s s e d  in  the  s in g le  m a n u fa c tu r in g  p la n t, see c h a p te rs  
3 and 4, to g e th e r  w ith  the  ev idence  f ro m  the  m u lt in a t io n a l p la n ts ' 
s tu d y , see c h a p te r 5, w o u ld  s u p p o rt the  c o n te n tio n  th a t th e  f i r m s  have 
changed as a re s u lt  o f the  new te ch n o lo g y . O th e r  o b s e rv a tio n s  w e r e  
m ade on th e  o rg a n is a tio n  and d iv is io n  o f la b o u r  not n e c e s s a r i ly  
re la te d  to  new te ch n o lo g y , these  o b s e rv a tio n s  w i l l  be d iscu sse d  la te r  
in  c h a p te r 8.
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O n the  q u e s tio n  o f h ie r a r c h ic a l  le v e ls ,  i t  was o b se rve d  th a t f i r m s  
w ith  new m e a s u r in g  m a ch in e  te c h n o lo g y  had t a l le r  p y ra m id s , th a t is  
m o re  le v e ls  o f m anagem ent th a n  the  f i r m s  not u s in g  new m e a s u r in g  
m a ch in e  te ch n o lo g y . I t  was a ls o  o b se rve d  th a t u s e r f i r m s  had 
s m a lle r  spans o f c o n tro l as e m p loyee  s iz e  o f f i r m  in c re a s e d . B y  
c o n tra s t i t  w as no ted  th a t a t th e  lo w e s t le v e l o f the  s tru c tu re ,  th e re  
w e re  m o re  s e c tio n s  in  u s e r f i r m s  tha n  n o n -u s e r f i r m s ,  th a t is  
a lth ou g h  th e  span o f c o n tro l a t the  top  le v e l and the  m id d le  o f the  
p y ra m id  was s m a lle r  f o r  u s e r  f i r m s  co m p a re d  to  n o n -u s e r  f i r m s ,  
the  new te ch n o lo g y  tended to  f in d  its  e x p re s s io n  a t th e  f i r s t  l in e  le v e l 
b y  h o r iz o n ta l d if fe re n t ia t io n .  I t  was no ted  th a t b u s in e ss  a c t iv it ie s  
w ith  w id e  d iv e r s i f ic a t io n  o f p ro d u c t w e re  la r g e r  in  n o n -u s e r  f i r m s  
th a n  in  u s e r f i r m s ,  e xa m p le s  o f th is  w e re  in  to o ls , m a ch in e  to o ls , 
te le c o m m u n ic a t io n s  and d o m e s tic  p ro d u c ts . In  a l l  o th e r b u s in e ss  
a c t iv it ie s  th e  u s e r  f i r m s  had la r g e r  o rg a n is a tio n  s tru c tu re s .
M a n a g e m e n t.
I t  was o b se rve d  th a t non u s e r f i r m s  tended  to  have m o re  m a n a g e r ia l 
and s e n io r  a d m in is t ra t iv e  s ta f f  th a n  u s e r f i r m s .  E q u a lly  these  non 
u s e r f i r m s  had la r g e r  w e e k ly  p a id  s ta f f  p o s it io n s . T h e  im p lic a t io n s  
f r o m  the se  2 above o b s e rv a tio n s  a re  th a t u s e r f i r m s  g a in  advan tages 
in  le s s  s ta f f  due to  th e  g re a te r  e ff ic ie n c ie s  d e r iv e d  f r o m  m e a s u r in g  
m a ch in e  te c h n o lo g ie s . I t  was no ted  th a t w e e k ly  p a y r o l l  s ta f f  d id  not 
d e c re a se  as a r a t io  to  h o u r ly  p a id  b lu e  c o l la r  as the  f i r m  in c re a s e d  
in  e m p lo ye e  s iz e , excep t in  th e  case o f f i r m s  u s in g  new  m e a s u r in g  
m a ch in e  te ch n o lo g y , w h e re  i t  w as noted th a t th e re  was a fa s te r  
d e c rea se  in  w e e k ly  p a y r o l l  su p p o rt.
S tra te g ie s .
I t  was o b se rve d  th a t s p e c if ic  b u s in e ss  a c t iv it ie s  u s in g  new m e a s u r in g  
m a ch in e  te c h n o lo g ie s  a re  spend ing  m o re  on th e ir  annua l in s p e c tio n  
budgets s u p p o rtin g  th e ir  c a p ita l in v e s tm e n t on the  new m e a s u r in g  
m a ch in e  te c h n o lo g ie s . E q u a lly  c e r ta in  b u s in e ss  a c t iv it ie s  not us in g  
new m e a s u r in g  m a ch in e s  a re  a lso  in v e s tin g  h e a v ily  on annua l in s p e c t­
io n  expense b u dge ts . I t  is  im p lie d  f r o m  th is  th a t th e  fo r m e r  u s e r
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g ro u p  re c o g n is e  a need to  m a x im is e  on th e ir  in v e s tm e n t w h ile  the  
la t t e r  non u s e r g ro u p  have to  m ake  the  budget e x p e n d itu re  in  o rd e r  to  
m a in ta in  s ta n d a rd s  o f q u a li ty  th ro u g h  m a n ua l in s p e c tio n  s y s te m s . A  
fu r th e r  o b s e rv a tio n  on s tra te g y  was th a t m u lt i- p la n t  f i r m s  tended to  
have s m a lle r  in s p e c tio n  m a n p o w e rs  as re la te d  to  s in g le  e n t ity  f i r m s ,  
in d ic a t in g  a p o o lin g  o f s e rv ic e s  to  m in im is e  d u p lic a t io n  o f la b o u r  and 
u n n e ce ssa ry  co s ts .
M a ch in e  Shop E n v iro n m e n t.
T h e  m a jo r i t y  o f f i r m s  in  th e  s u rv e y  in  b o th  u s e r  and non u s e r g ro up s  
w e re  found  to  have s m a ll o r  la rg e  b a tch  typ e  p ro d u c tio n  s y s te m s . I t  
was a lso  o b se rve d  th a t th e  m a jo r i t y  o f f i r m s  had m o re  th a n  one typ e  
o f s y s te m  in d ic a t in g  d iv e r s i f ic a t io n  o f p ro d u c t. T h e re  was no 
p a r t ic u la r  s ig n if ic a n c e  d ra w n  f r o m  the  p ro d u c tio n  s y s te m  and the  
typ e  o f te c h n o lo g y  used. I t  was noted th a t u s e r f i r m s  w e re  m uch  
m o re  a c tiv e  th a n  non u s e r f i r m s  on th e  w ho le  q u e s tio n  o f m a k in g  
m a jo r  te c h n ic a l changes such as in tro d u c in g  n u m e r ic a l c o n tro lle d  
m a ch in e  to o ls . T h e  e ffe c t o f th ese  te c h n ic a l changes on the  p ro d u c t­
io n  s y s te m s  o f th e  u s e r f i r m s  was g re a te r  th a n  th e  n o n -u s e r  f i r m s ,  
in  th a t th e re  w e re  m o re  changes in  peop le , im p ro v e m e n ts  in  p e r fo r m ­
ance and s y s te m s  o f c o n tro l w ith  the  u s e r f i r m s .  E ffe c ts  on the  
s y s te m  o f te c h n o lo g y  such as chang ing  p la n t la y o u t, in s ta l l in g  g ro up  
te c h n o lo g y  w as about equa l f o r  u s e r and non u s e r f i r m s .
C o n tro l S ys te m s .
T he  ev ide nce  f r o m  th e  f ie ld  s u rv e y  w ou ld  suggest th a t f i r m s  u s in g  
new m e a s u r in g  m a ch in e s  had in s ta lle d  m o re  da ta  p ro c e s s in g  
sy s te m s  and added m o re  p la n n in g  s ta f f  than  the  non u s e r f i r m s .
P e o p le .
In  th e  event o f h a v in g  to  d is p la c e  peop le  due to  the  in t ro d u c t io n  o f 
a u to m a tio n  o r  s im i la r  la b o u r  sa v in g  te c h n o lo g ie s , i t  was show n th a t 
b o th  u s e r and non u s e r f i r m s  w ou ld  p re fe r  a p o lic y  o f r e - t r a in in g  to  
o th e r s k i l ls  o r  u s in g  n o rm a l w astage such as r e t ir e m e n t  and 
a t t r i t io n .  I t  was o b se rve d  th a t the  la rg e s t s iz e  o f f i r m s  p re fe r re d  a 
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r e - t r a in in g  p o lic y  w h ile  the  s m a lle s t s iz e  f i r m s  tended  to  seek o th e r 
a lte rn a t iv e s  such as in c re a s in g  ou tpu t, se ek in g  m o re  sa le s  and 
la r g e r  m a rk e ts , th a n  a tte m p tin g  to  re d u ce  th e ir  la b o u r  fo rc e .
On the  s u b je c t o f re s is ta n c e  to  change, i t  was o b se rve d  th a t u s e r 
f i r m s  found  th a t peop le  w e re  in c lin e d  to  r e s is t  te c h n o lo g ic a l change 
f o r  3 m a jo r  re a so n s  n a m e ly , g e n e ra l fe a r  o f change, job  s e c u r ity  and 
to  p ro te c t th e i r  c u r re n t  s k i l ls  and know ledge , w h ile  th e  non u s e r 
f i r m s  l is te d  g e n e ra l fe a r  o f change, a v o id in g  th e  need to  change o th e r 
s y s te m s , and to  p ro te c t a c q u ire d  s k i l ls  and know ledge . T h e re  is  
th e re fo re  no g re a t d if fe re n c e  be tw een  f i r m s  u s in g  and not us in g  new 
m e a s u r in g  m a ch in e  te c h n o lo g ie s  on th e  s u b je c t o f w ha t re a so n s  a re  
g ive n  fo r  re s is t in g  new te c h n o lo g y , i t  is  h o w e ve r o f som e s ig n if ic a n c e  
to  d is c o v e r  th e  above denoted  re a son s  as g ive n  b y  a la rg e  n u m b e r o f 
m a n u fa c tu r in g  f i r m s  in  in d u s try .
I t  was noted e a r l ie r  in  the  q u e s tio n  c o n c e rn in g  m a jo r  te c h n ic a l 
changes th a t f i r m s  u s in g  new te ch n o lo g y  w e re  m u ch  m o re  a c tiv e  th a n  
non u s e r f i r m s  in  the  re d u c t io n  o f peop le , in c re a s in g  o f s h if t  w o rk in g  
and in c re a s in g  o f w h ite  c o l la r  p la n n e r s u p p o rt g ro u p s . I t  was 
o b se rve d  in  th is  s tu d y  th a t on the  q u e s tio n  o f m a n p o w e r ra t io s ,  u s e r 
f i r m s  had on a ve ra g e  a la rg e  n u m b e r o f h o u r ly  p a id  s ta f f  th a n  non 
u s e r f i r m s  up to  f i r m  s iz e  o f 2, 000 e m p loye es , a f te r  w h ic h  the  non 
u s e r f i r m s  exceed th e  u s e r f i r m s  in  h o u r ly  in s p e c tio n  n u m b e rs , 
im p ly in g  th a t as f i r m s  in c re a s e  in  s iz e , th e y  have to  s u b s titu te  
peop le  in  p la ce  o f te c h n o lo g y  in  o rd e r  to  m a in ta in  q u a li ty  le v e ls .
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A - O n e  s tep  Change, B 
C -C o n tin u o u s  Change,
"C u m u la t iv e  Change. 
D - N i l  o r  N ot O b se rve d .
CONNECTING SUMMARY.
T h e  a n a ly s is  o f o rg a n is a tio n  s tru c tu re  was th e  m a jo r  o b je c tiv e  
o f c h a p te r 6. T h is  in v e s t ig a tio n  was m ade to  a s c e r ta in  any 
d if fe re n c e s  o r  s im i la r i t ie s  be tw een f i r m s  u s in g  and f i r m s  not 
u s in g  c o -o rd in a te  m e a s u r in g  m a ch in e s . T h e  ev idence  f ro m  the  
re s e a rc h  showed th a t m a ny  d if fe re n c e s  e x is te d  be tw een  u s e r and 
n o n -u s e r f i r m s  in  te rm s  o f span o f c o n tro l,  h ie ra r c h ic a l  le v e ls  
and m a n po w e r ra t io s .  I t  was a lso  o bse rve d  th a t p o s it io n  t i t le s  
w e re  d if fe re n t  f o r  m an ag e rs  in  the  2 g roups s tu d ie d . F u r th e r  
a n a ly s is  showed th a t u s e r f i r m s  had a g re a te r  p ro p e n s ity  to  
in v e s t in  a l l  types  o f new te ch n o lo g ie s  and w e r e  th e re fo re  s u b je c t 
to  g re a te r  e ffe c ts  on the  s y s te m  o f p ro d u c tio n .
C h a p te r 7 co m p le te s  th is  re s e a rc h  p r o j e c t  b y  a s tu d y  o f 150 
f i r m s  u s in g  new m e a s u r in g  m ach ine  te ch n o lo g y , T h e  p r in c ip a l 
a im s  o f th is  f in a l  s e c tio n  a re  to  s tu d y  (1) the  te ch n o lo g y , (2) how 
i t  w as e s ta b lis h e d , f in a l ly  (3) how  the  new te c h n o lo g y  a ffe c te d  
peop le  d ir e c t ly  a sso c ia te d  w ith  its  use in  the  p la n ts . T h e  o u t­
com e o f th is  re s e a rc h  w i l l  be co m p a re d  to  p re v io u s  fin d in g s , 
the  im p lic a t io n s  fo r  m a n u fa c tu r in g  in d u s try  w i l l  be h ig h lig h te d  
and d iscu sse d  in  the  co n c lu d in g  ch a p te r.
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C h a p te r 7 - New M e a s u r in g  M a ch in e  T e c h n o lo g y  in  v a r io u s  
m a n u fa c tu r in g  in d u s tr ie s .
7 .1  -  T H E  O B J E C T IV E  OP T H IS  C H A P T E R .
T h e  o b je c tiv e  o f c h a p te r 7 is  to  a na lyse  the  f in d in g s  f r o m  the  la rg e  
f ie ld  s u rv e y  o f f i r m s  who a re  u s in g  new m e a s u r in g  m a ch in e  te c h n o ­
lo g y . T h e  s p e c if ic  a im s  o f th is  a n a ly s is  w i l l  c o n c e rn  the  fo l lo w in g :-
o T h e  s o u rc e  and typ e s  o f m e a s u r in g  m a ch in e s  in  use,
o T h e  concep ts  a n d -p o lic ie s  on how  new te c h n o lo g y  w as e s ta b lis h e d
in  the se  f i r m s .
o T h e  p ro b le m s  and a tt itu d e s  con ce rn ed  w ith  in te g ra t io n  o f in s p e c t­
io n  w ith  p ro d u c tio n  due to  te c h n o lo g ic a l change.
o T h e  changes in  in f lu e n c e  and p o w e r o f the  c r a f t  in s p e c to r .
o T h e  re la t io n s h ip  be tw een  c r a f t  in s p e c to r  o p e ra to rs  and p ro d u c t­
io n  s u p e rv is o rs .
o T h e  d is s a t is fa c t io n  as a re s u lt  o f d e -s k i l l in g .
o T h e  e ffe c t o f new te ch n o lo g y  on s ta tu s  and job  in te re s t .
H ig h lig h ts  o f a im s  and f in d in g s .
O ut o f a to ta l o f 150 f i r m s  in  the f ie ld  s u rv e y  u s in g  new m e a s u r in g  
m a ch in e s , i t  was re p o r te d  th a t th e re  w e r e  330 m a c h in e s . T h is  to ta l 
is  ana lyse d  b y  f i r m s  w ith in  s p e c if ic  b u s in e ss  a c t iv it ie s  and b y  f i r m s  
w ith in  s p e c if ic  em p lo ye e  s iz e  g ro u p in g s . T h e  m a jo r  m a n u fa c tu re rs  
o f m e a s u r in g  m a ch in e  te ch n o lo g y  a re  show n b y  th e i r  p e rce n ta g e  sh a re  
o f the  f i r m s  in  th e  s u rv e y . A  d e ta ile d  s u rv e y  o f the  w o r ld w id e  
m a rk e t o f m e a s u r in g  m a ch in e  s u p p lie rs  has a lre a d y  been g ive n  in  
A p p e n d ix  D . T h e  re a son s  w hy p a r t ic u la r  m e a s u r in g  m a ch in e  te ch n o ­
lo g y  was s e le c te d  is  fu r th e r  a na lysed  bo th  on a f i r m  to  f i r m  b a s is  
and as a c o m p a ris o n  be tw een  A m e r ic a n  and B r i t is h  based  f i r m s .  
F in a l ly  in  th is  f i r s t  s e c tio n  th e re  is  a d is c u s s io n  on the  p e r io d  w hen 
m e a s u r in g  m a ch in e s  w e re  p u rch a se d , the  p u rp o se  b e in g  to  e s ta b lis h  
m a rk e t g ro w th  tre n d s  and to  d e te rm in e  any c o r re la t io n  in  t im e  la g  
be tw een kn o w in g  about the  new te ch n o lo g y , m a k in g  the  d e c is io n  to  
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acquire it, then finally installing it within the f irm 's p rem ises .
T h e  next s e c tio n  o f th is  re s e a rc h  s tu d y  exam ines  th e  q u e s tio n  o f how  
new te c h n o lo g y  s ta r te d  w ith in  f i r m s .  A s  a r e la te r  to  the  p re v io u s  
s e c tio n  o f th is  c h a p te r, when was the  f i r s t  y e a r  th a t f i r m s  knew  about 
the  new tech n o lo g y?  W as th e re  one p a r t ic u la r  cha m p ion  fo r  the  new 
te ch n o lo g y  and i f  so, w ha t was th a t p e rs o n 's  b a s ic  d is c ip lin e , th a t is  
p ro d u c tio n , e n g in e e rin g , q u a li ty  c o n tro l o r  o th e r?  T h e  t im e  la g  on 
g e ttin g  the  new  te c h n o lo g y  as p re v io u s ly  d is cu sse d , w i l l  be exa m ine d  
in  th is  s e c tio n  then  f in a l ly ,  the  d eg ree  o f a n a ly s is  w h ic h  f i r m s  m ade 
as p re  in v e s t ig a t io n  on the  new  te ch n o lo g y  b e fo re  f in a l ly  m a k in g  an 
in v e s tm e n t d e c is io n .
T h e  co n c e rn  f o r  in te g ra t io n  o f ta s k s  has been d is cu sse d  e a r l ie r  in  
th is  s tu d y  and once ag a in  the  sam e q u e s tio n  is  posed o f 150 f i r m s  
u s in g  new m e a s u r in g  m a ch in e  te ch n o lo g y . T h is  th e s is  a rgues  th a t 
th is  s in g le  p ro b le m  w i l l  r e s u lt  in  m uch  d is ru p t io n  in  the  fu tu re  w ith in  
m a n u fa c tu r in g  in d u s try ,  m uch  m o re  tha n  i t  has done in  the  pas t.
T h e  im p o rta n c e  o f th is  s tu d y  is  th e re fo re  d e ep ly  co n ce rn e d  w ith  
re c o g n is in g  th a t such p ro b le m s  w i l l  a r is e  and a s c e r ta in in g  the  
a tt itu d e s  o f peop le  m o s t c lo s e ly  a sso c ia te d  w ith  th e se  p a r t ic u la r  
changes b ro u g h t about b y  new te c h n o lo g ie s .
T h e  next s e c tio n  o f th is  c h a p te r is  con ce rne d  w ith  in te rp e rs o n a l 
changes b ro u g h t about b y  the  in tro d u c t io n  o f new m e a s u r in g  m a ch in e  
te c h n o lo g ie s . Has the  p re se n ce  o f a m uch  m o re  a c c u ra te  m e a s u r in g  
s y s te m  re s u lte d  in  the  c ra f t  in s p e c to r  o p e ra to r  h a v in g  in c re a s e d  h is  
in flu e n c e  o f p e rs u a s io n  o v e r the  m ach ine  o p e ra to r  and o th e rs?
E q u a lly  w ha t has the  new te ch n o lo g y  done to  the lo c a t io n  o f a u th o r ity  
in  the  w o rk  group? Has the c ra f t  in s p e c to r  found  a new ro le  in  h is  
c o m m u n ic a tio n  w ith  p ro d u c tio n  lin e  s u p e rv is o rs ,  w h ic h  p laces  the  
in s p e c to r  in  a m o re  p o w e r fu l fu n c t io n a l p o s it io n  o f a u th o r ity  w ith in  
the  fra m e w o rk  o f l in e  a u th o r ity ?
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F o llo w in g  on f r o m  the  above a rg u m e n t, w hat is  happen ing  to  the 
in te r -p e rs o n a l re la t io n s h ip s  be tw een  the  c ra f t  in s p e c to r  and the  p r o ­
d u c tio n  l in e  s u p e rv is o r?  Has th is  re la t io n s h ip  im p ro v e d  o r  d e te r io ­
ra te d  w ith  th e  in t ro d u c t io n  and use o f new m e a s u r in g  m a ch in e  te c h ­
no logy? P re v io u s ly  in  th is  re s e a rc h , in v e s t ig a tio n s  w e re  m ade on 
the  p ro b le m s  o f d e - s k i l l in g  as a r e s u lt  o f new te ch n o lo g y . T h is  was 
s tu d ie d  in  the  s in g le  m a n u fa c tu r in g  p la n t w ith  n u m e r ic a l c o n tro lle d  
m a ch in e  to o ls  and w ith  new m e a s u r in g  m a ch in e s . T h e  sam e the m e  is  
co n tinue d  in  th is  s e c tio n  w ith  an in v e s t ig a t io n  in to  the  f in d in g s  o f 150 
f i r m s  on w h e th e r the  c ra f t  in s p e c to r  w ou ld  becom e d is s a t is f ie d  o r  
not w ith  h is  ta s k  o r  job  in  the  event o f new te c h n o lo g y  cau s in g  de ­
s k i l l in g  o f th a t job .
T h e  next s e c tio n  o f th is  c h a p te r exam ines  the  q u e s tio n  o f s ta tu s  and 
job  in te re s t .  T h e se  s u b je c ts  have been e x p lo re d  p re v io u s ly  in  th is  
re s e a rc h  p ro je c t  w ith  the  r e s u lt  th a t the  s ta tu s  o f th e  c ra f t  in s p e c to r  
appea red  to  in c re a s e  as a r e s u lt  o f the  new te c h n o lo g y . E q u a lly  h is  
job  in te re s t  had a s im i la r  l i f t  a f te r  h is  a s s ig n m e n t to  the  m e a s u r in g  
m a ch in e  te ch n o lo g y . T h is  s e c tio n  now e xam ines  th e  re sp o n se  b y  150 
f i r m s  to  the  sam e q u e s tio n  on w h e th e r s ta tu s  and job  in te re s t  has 
been seen to  in c re a s e  due to  the  in tro d u c t io n  o f new te ch n o lo g y . In  
a d d it io n  in  a tte m p tin g  to  a s c e r ta in  changes in  s ta tu s  and job  in te re s t  
am ong th e  c ra f t  in s p e c to rs  who w e re  a ss igned  to  the  new equ ip m en t, 
a s e c o n d a ry  m e a s u re  is  m ade o f c ra f t  in s p e c to rs  who re m a in e d  on 
co n v e n tio n a l m e a s u r in g  s y s te m s , to  d e te rm in e  i f  th e y  had e xp e rie n ce d  
changes in  s ta tu s  o r  job  in te re s t  due to  th e i r  in d ir e c t  re la t io n s h ip  
w ith  the  new m e a s u r in g  m a ch in e  te ch n o lo g y .
T h e  f in a l  s e c tio n  o f th is  c h a p te r is  conce rned  w ith  in te g ra t in g  the  
o v e ra l l  f in d in g s  o f th is  s e c tio n  and d is c u s s in g  the se  un de r the  head ­
ing  o f o b se rve d  e ffe c ts  o f new te ch n o lo g y . Once ag a in  the  6 key  
fa c to rs  o f the  e n te rp r is e  a re  id e n t if ie d  n a m e ly , o rg a n is a tio n  s tru c tu re ,  
m anagem ent, s tra te g ie s , m a ch in e  shop e n v iro n m e n t, c o n tro l 
sys te m s  and peop le .
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7 . 2 -  T H E  SOURCE A N D  USERS O F  M E A S U R IN G  M A C H IN E  
T E C H N O L O G Y .
C h a p te r 2 p ro v id e d  a d e ta ile d  d e s c r ip t io n  o f a l l  the  know n typ es  of 
m e a s u r in g  m a ch in e s  m a n u fa c tu re d  on a w o r ld w id e  b a s is . T h is  de­
s c r ip t io n  was fu r th e r  su p p o rte d  b y  a re v ie w  o f m e a s u r in g  m a ch ine  
m a n u fa c tu re rs  w h ic h  is  g ive n  in  A p p e n d ix  D . In  th is  s e c tio n  of the  
re s e a rc h  the  fo llo w in g  fa c to rs  a re  a na lyse d  based on th e  f in d in g s  
f r o m  the  s u rv e y  q u e s t io n n a ire  respon ded  to  b y  150 f i r m s  us in g  
c o -o rd in a te d  m e a s u r in g  m a ch in e s  (C M M ).
o P e rc e n ta g e  sh a re  o f C M M  so ld  b y  m a n u fa c tu re rs  to  the  150 
f i r m s  w ith in  b u s in e ss  a c t iv it ie s .
o P e rc e n ta g e  sh a re  o f C M M  so ld  b y  m a n u fa c tu re rs  to  150 f i r m s  
w ith in  s p e c if ic  e m p loyee  s iz e  g ro up s ,
o R easons g ive n  b y  C M M  u s e rs  fo r  cho ice  o f s p e c if ic  m e a s u r in g  
m a ch in e .
o C o m p a ris o n  o f re a so n s  fo r  ch o ice  o f C M M  b e tw een  B r i t is h  and 
A m e r ic a n  u s e rs .
o C o m p a ris o n  on the  y e a r  o f p u rch a se  o f m e a s u r in g  m a ch in e  b y  
B r i t i s h  and A m e r ic a n  u s e rs .
o P e rc e n ta g e  sh a re  o f C M M  so ld  b y  m a n u fa c tu re rs  to  150 f i r m s  
w ith in  20 b u s in e ss  a c t iv it ie s .
T h e  o v e ra l l  re s u lts  o f th e  f ie ld  s u rv e y  o f f i r m s  u s in g  c o -o rd in a te d  
m e a s u r in g  m a ch in e s  (C M M ) showed th a t out o f th e  150 f i r m s  who 
re sp on ded , a to ta l  o f 330 C M M s w e re  owned be tw een  a l l  o f these  
f i r m s .  (A p p ro x im a te ly  2 m a ch in e s  p e r  f i r m ) .  W hen th is  data is  
fu r th e r  an a lyse d  as show n in  T a b le  No: 7 .1 , i t  shows th a t the  m a rk e t 
fo r  c o -o rd in a te  m e a s u r in g  m a ch in e s  is  d o m in a te d  b y  4 m a n u ­
fa c tu re rs  w ho be tw een  th e m  co ve re d  a lm o s t 70 p e rc e n t o f the  sa les  
to  the  150 u s e rs . T h e  4 s u p p lie rs  w e re  F e r r a n t i  L im ite d  (41%),
L . K .  N otsa  L im ite d  (13%), D . E . A . ,  I t a ly  (11, 5%) Johans on, Sweden 
(4. 5%) a l l  o th e r s u p p lie rs  (29. 7%).
W ith  the  data ana lysed  by b u s in e ss  a c t iv ity ,  i t  shows th a t the  fo llo w in g
6 b u s in e ss  a c t iv it ie s  have 65 p e rc e n t o f the  to ta l  u s e rs  o f the  C M M  
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eq u ip m en t n a m e ly , t r a c to r s  (16%), a i r c r a f t  (13%), engines (12 .7% ), 
e le c tro n ic s  (10 .9% ), au tos (6 .6% ) and m a ch in e  to o ls  (5 .7% ). R e v ie w ­
in g  each in d iv id u a l m a n u fa c tu re r 's  sa le s , i t  is  noted th a t the  fo l lo w ­
in g  c o m p a ris o n  re f le c ts  the  p e rce n ta g e  sh a re  by  b u s in e ss  a c t iv i t y  
a g a in s t each m a jo r  s u p p lie r  o f C M M  e q u ip m e n t:-
T A B L E  No: 7. 1
R an k in g  in  Sales b y  M a n u fa c tu re .
%
S hare:
M anuf. 41 13 4. 5 1 1 .5 70%j j  ness — ■ ' 
A c t iv i t y . F e r r a n t i L .K . Johanson D E A O th e rs
16 T r a c to r s 2 4 0 1 1
13 A i r c r a f t 3 1 3 2 3
12. 7 E n g in e s 5 5 3 3 2
10. 9 E le c tro n ic s 1 5 1 4 5
6. 6 A u to s 7 3 0 5 4
5. 7 M /c  to o ls 4 2 0 6 8
4 C M M  m a n u fa c tu re rs  d o m in a te  the  m a rk e t .
I t  w ou ld  ap p e a r f r o m  in fo rm a t io n  con ta ine d  in  A p p e n d ix  D - W o r ld w id e  
R ev ie w  o f m a n u fa c tu re rs  o f C M M s, th a t these  4 m a n u fa c tu re rs  
d o m in a te  the  B r i t is h  and A m e r ic a n  m a rk e ts  as show n b y  th is  r e ­
se a rc h , f o r  the  fo llo w in g  m a jo r  re a s o n s :-
1. F e r r a n t i  - f i r s t  know n com pany in  the m a rk e t,  e s ta b lis h e d  a lea d  
and to o k  out a lic e n c e  a g re e m e n t w ith  B e n d ix  in  A m e r ic a .
2. L .K .  T o o ls  -  f i r s t  B r i t is h  com pany to  e x c lu s iv e ly  m a n u fa c tu re  
c o -o rd in a te  m e a s u r in g  m a ch in e s . U s e fu lly  lo c a te d  in  the  
in d u s t r ia l  m id la n d s  in  E ng land .
3. Johanson  - S w edish  based m e tro lo g y  o rg a n is a tio n  w ith  a lo n g  
e s ta b lis h e d  re p u ta t io n  in  the  w o r ld w id e  gaug ing  f ie ld .  H ave 
a p p a re n tly  used th e ir  nam e to  g a in  e n try  in to  th e  C M M  m a rk e t.
4. D .E .A .  - I ta l ia n  f i r m  e x c lu s iv e ly  m a n u fa c tu r in g  m e a s u r in g  
m a ch in e s  s in ce  m id  1960s. A s s is te d  in i t ia l ly  b y  F ia t  in  T u r in  to  
su p p ly  m e a s u r in g  m ach in e s  to  the  a u to m o b ile  and m a ch in e  to o l 
in d u s tr ie s .  D . E . A . , a re  now re p u te d  to  be th e  w o r ld 's  la rg e s t 
p ro d u c e rs  o f C M M  equ ipm en t.
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M o s t o th e r  C M M  m a n u fa c tu re rs  appea r to  e ith e r  s p e c ia lis e  in  
s p e c if ic  f ie ld s  thus r e s t r ic t in g  th e ir  v o lu m e , o r  have o th e r m o re  
im p o r ta n t p ro d u c ts  in  th e ir  ra n ge . F o r  e xa m p le . B ro w n  and Sharpe 
m a n u fa c tu re  C M M s bu t th e i r  m a jo r  a c t iv it ie s  a re  co n ce rn e d  w ith  
m a ch in e  to o ls .
T o p  6 B u s in e ss  A c t iv i t ie s  u s in g  the  C M M  E q u ip m e n t.
T h is  da ta  w ou ld  in d ic a te  th a t c e r ta in  types  o f b u s in e ss  a c t iv it ie s  
m ake  g re a te r  use o f C M M  e qu ipm en t than  o th e rs . T h e se  a c t iv it ie s  
tend  to  have the  fo llo w in g  com m on  fe a tu re s :-
1. P ro d u c ts  tend  to  be la rg e  ( a ir c r a f t ,  t r a c to r s ,  eng ines).
2. P ro d u c t io n  typ e  is  e ith e r  la rg e  equ ipm e n t o r  s m a ll  ba tch .
3. T h e re  is  a c o r re la t io n  be tw een  the  g ro w th  o f n u m e r ic a l c o n tro lle d  
m a ch in e  to o ls  in  these  b us in e ss  a c t iv it ie s  and th a t o f C M M  
g ro w th  (59).
O th e r in te re s t in g  im p lic a t io n s  f r o m  the data show th a t the  top  
s u p p lie rs  o f the  C M M  eq u ip m en t have p a r t ic u la r  re la t io n s h ip s  w ith  
th e i r  m a jo r  c u s to m e rs .
F e r r a n t i  -  E le c tro n ic s  ( F e r r a n t i 's  m a jo r  e x p e r t is e ) .
L . K .  -  A i r c r a f t  (n e a r lo c a l i ty  o f R o lls  R oyce ).
Johanson - E le c tro n ic s  (s m a ll type  C M M  a p p lic a b le  to
s m a ll h ig h  a c c u ra te  p ro d u c ts ).
D .E .A ,  -  T r a c to r s  (D . E . A . , o f fe r  s ta n d a rd  m od e ls  o f
v e ry  la rg e  s iz e ).
P e rc e n ta g e  sh a re  o f C M M  so ld  b y  m a n u fa c tu re rs  to  150 f i r m s  w ith in  
s p e c if ic  em p lo ye e  s iz e  g ro u p s .
R e su lts  f r o m  th is  f ie ld  s u rv e y  w ou ld  in d ic a te  f i r m s  e m p lo y in g  
upw ards  o f 2, 000 peop le  have the  la rg e s t o w n e rs h ip  o f C M M  equ ip ­
m e n t. T a b le  No: 7. 2 shows th a t in  the  7 em p loyee  s iz e  c a te g o rie s , 
the  f i r m s  w ith  2, 000 and above em p loyees have 53. 9 p e rc e n t of the  
C M M s. T h e  m id d le  ra n ge  em p loyee  s iz e  g ro u p in g s  f r o m  100 to  
1, 999 em p loyees have a com b ined  sh a re  o f 44. 1 p e rc e n t. F irm s  
w ith  le s s  than  a 100 em p loyees had a v e ry  s m a ll p e rce n ta g e  o f th e  
C M M  sh a re .
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T h e  im p lic a t io n s  o f the  above w ou ld  suggest th a t th e re  is  a c o r r e la t ­
io n  be tw een  the  s iz e  o f the  f i r m  in  te rm s  o f em p loyees  and the 
in c re a s e d  o w n e rs h ip  o f the  C M M  te ch n o lo g y  up to  and in c lu d in g  4, 999 
em p lo ye e s . A b o ve  th is  s ize  o f g roup  does not cause fu r th e r  C M M  
o w n e rsh ip . A n a ly s is  o f the  4 m a jo r  s u p p lie rs  shows th a t bo th  
F e r r a n t i  and L .  K . , have had m a jo r  success w ith  f i r m s  in  the  2, 000 
to  4, 999 e m p lo ye e  s iz e  g ro u p  w h ile  Johanson have co n ce n tra te d  in  the  
100 to  499 e m p lo ye e  s iz e . F in a l ly  D. E . A . , w ith  the  w id e s t and 
la rg e s t  ra n g e  o f C M M  p ro d u c ts , have had g re a te s t p e n e tra t io n  at the  
5, 000 and above em p loyee  s iz e  g roups .
R easons g ive n  b y  u s e rs  f o r  ch o ice  o f m e a s u r in g  m a c h in e .
In  o rd e r  to  a c c u ra te ly  d e te rm in e  w hy each of th e  150 f i r m s  choose a 
p a r t ic u la r  m e a s u r in g  m a ch in e , an open ended q u e s tio n  was asked in  
th e  C M M  s e c tio n  o f the  f ie ld  q u e s tio n n a ire . T h is  q u e s tio n  re s u lte d  
in  264 re sp on se s  w ith  14 d if fe re n t  p o s s ib le  re a son s  on w hy  the  e q u ip ­
m e n t was a c q u ire d  and the  d e ta ils  o f th is  a re  g iv e n  in  T a b le  No: 7. 3 
b y  b u s in e ss  a c t iv ity .  T h e re  w e re  5 m a jo r  re a so n s  g ive n  and these  
a re  s u m m a r is e d  as fo llo w s
T A B L E  No: 7. 2
R eason:
% o f a l l  
re a s o n s : B u s in e ss  a c t iv it ie s  p re fe re n c e :
A c c u ra c y 15. 9 E le c tro n ic s ,  t r a c to r s ,  eng ines.
C os t and a c c u ra c y 1 4 .4 A i r c r a f t .
C ost 1 1 .7 D efence.
A v a i la b i l i t y 10. 9 E le c tro n ic s .
C ost & ta b le  s iz e 10. 6 A i r c r a f t
T a b le  s iz e 9 .4 A i r c r a f t  and t r a c to r s .
73 p e rc e n t
W hen th is  data  is  ana lysed  b y  b u s in e ss  a c t iv ity ,  i t  is  o b se rve d  th a t 
c e r ta in  b u s in e ss  a c t iv it ie s  a re  m o re  e v ide n t than  o th e rs  in  te rm s  o f 
re q u ire m e n ts . T h is  is  shown in  the  above e x tra c t f r o m  the  m a t r ix  
g ive n  in  T a b le  No: 7. 3.
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C o m p a ris o n s  o f re a son s  fo r  ch o ice  be tw een  A m e r ic a n  and B r i t is h  
u s e rs  o f C M M  equ ipm en t.
T h e  data  g ive n  fo r  the  a c q u is it io n  o f C M M  e q u ipm en t was fu r th e r  
an a lyse d  b y  c o m p a r in g  A m e r ic a n  and B r i t is h  u s e rs  fo r  re a so n s . 
T a b le s  N os: 7. 5 and 7. 6 a n a lyse  11 m a jo r  re a so n s  fo r  ch oos ing  the  
eq u ip m en t and show th a t the  B r i t is h  u s e rs  had 78 p e rc e n t o f the  
re a so n s  to  the  A m e r ic a n  u s e rs  22 p e rc e n t. (T h is  dom in ance  b y  
B r i t a in  is  due to  the  la r g e r  sa m p le  o f f i r m s  in  the  s u rv e y  b e in g  f r o m  
B r i ta in ) .  One o f th e  m o s t in te re s t in g  re s u lts  f r o m  th is  data  is  th a t 
B r i t is h  f i r m s  appea r to  be m o re  co n ce rn e d  w ith  co s t w h ile  A m e r ic a n  
f i r m s  a re  re p o r t in g  a need fo r  a c c u ra c y  w ith  co s t as a se co n d a ry  
co n ce rn . T h is  m a y  in d ic a te  a f in a n c ia l c o n s tra in t on the  p a r t  o f 
B r i t i s h  m anagem ents  in  th e i r  ra t io n a lis a t io n  c o n c e rn in g  new te ch n o ­
lo g y  in  c o m p a ris o n  w ith  a te c h n o lo g ic a l c o n s tra in t as show n b y  the  
A m e r ic a n  r e s u lt .
C o m p a ris o n  o f y e a r  o f p u rch a se  be tw een  A m e r ic a n  and B r i t is h  u s e rs . 
T a b le  No: 7. 7 id e n t if ie s  the  y e a r  w hen f i r m s  bough t th e i r  co ­
o rd in a te  m e a s u r in g  s y s te m s , a g ra n d  to ta l o f 296 w e re  p u rch a se d  o r  
fo re c a s te d  be tw een  1957 and 1980, a p e r io d  o f 23 y e a rs  w h ich  has 
w itn e s s e d  the  s tea dy  g ro w th  o f th is  te ch n o lo g y  w ith in  m a n u fa c tu r in g  
in d u s try .  T h e  da ta  is  d iv id e d  be tw een  B r i t is h  and A m e r ic a n  f i r m s  
show ing  th a t w h ile  a to ta l o f 198 w e re  bough t b y  th e  B r i t is h  f i r m s ,  
som e 98 w e re  in v e s te d  in  b y  A m e r ic a n  f i r m s .  E x a m in a tio n  o f the  
to ta ls  each y e a r  suggests  th a t the  m a rk e t is  s t i l l  g ro w in g  a t a p p ro x i­
m a te ly  1 to  2 p e rc e n t p e r  annum  b u t w ith  the  m o s t n o tic e a b le  change 
ta k in g  p la ce  at 1965 w hen sa les  seem  to  doub le  th e n  a lm o s t doub le  
ag a in  5 y e a rs  la te r .  In  the  e a r ly  1970s a fu r th e r  de ve lo p m en t o f th e  
c o -o rd in a te  m e a s u r in g  m a ch in e  w ith  the  in tro d u c t io n  o f d ir e c t  c o m ­
p u te r  c o n tro l has p ro b a b ly  in c re a s e d  sa les  and w i l l  con tinu e  to  
in c re a s e  sa le s  as the  p re s s u re  fo r  re d u c t io n  in  la b o u r  cos ts  co n tinue  
w ith in  m a n u fa c tu r in g  in d u s try .
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TABLE No; 7 . 3
SURVEY RESULTS OF CMM USERS BY TYPE  
BY BUSINESS ACTIVITY.
Business Ferranti
L .K /
Notsa Johanson D. E. A. Others %
Activity; No; % No; % No: % No; % No: % Total Share
Defence 6 (4.4) 4 9.3) 0 (0) ■ 4 10.5) 1 (1)' 15 4.5
Aircraft 11 (8 .0 )  ' 12 27. 9) 1 (6. 6) 7 8.4) 12 (12) 43 13. 0
Tools 2 (1.5) 1 2. 3) 2 (13) 0 0) 1 (1) 6 1.8
Machining 6 (4.4) 0 0) 1 (6.6) 2 5. 3) 2 (2) 11 3.3
Engines 8 (13.2) 1 2.3} . 1 (6. 6) 5 13.1) 17 (17) 42 12.7
Pumps 7 (5.1) 5 11.6) 1 (6. 6) 1 2. 6) 1 (1) 15 4.5
Tractors 12 (8 .8 ) 4 9.3) 0 (0) 10 26.3) 27 (27) 53 16. 0
Food Proc . 1 (0.7) 0 0) 1 (6.6) 0 0) 3 (3) 5 1.5
Telecom, 5 (3.7) 1 2.3) 0 (0) 0 0) 0 (0) 6 1.8
Electron. 22 (16..2) 1 2. 3) 3 (20) 2 5.2) 8 (8) 36 10. 9
M/c  Tools 10 (7 .4)'j 6 13.9) 0 (0) 1 2. 6) 2 (2) 19 5.7
Controls 6 (4.4) 0 0) 1 (6. 6) 1 2. 6) 2 (2) 10 3.0
Castings 2 (1.5) 1 2. 3) 0 (0) 1 2. 6) 2 (2) 6 1.8
Auto 5 (3.7) 5 11.6) 0 (0) 2 5.2) 10 (10) 22 6. 6
Misc. 3 (2.2) 1 2. 3) 2 (13) 0 0) 5 (5) 11 3.3
R & D 4 (2.9) 0 0) 1 (6.6) 0 0) 0 (0) 5 1.5
Plast ics 3 (2.2) 0 0) 1 (6. 6) 0 0) 0 (0) - 4 1 .2
M & H 5 (3.7) 1 2. 3) 0 (0) 0 0) 1 (1) 7 2.1
Instru. 7 (5.1) 0 0) 0 (0) 2 5.2) 3 (3) 12 3. 6
Dom.Prod. 1 * (0.7) 0 0) 0 (0) 0 0) 1 (1) 2 0.6
TOTAL 136 (100) 43 100) 15 (100) 38 100) 98 (100) 330 100%
% Share - 41 13 4.5 11.5 29. 7 100%
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TABLE No: ,7. 4
SURVEY RESULTS OF CMM USERS BY TYPE 
BY EMPLOYEE SIZE.
Employee
Size;
Ferranti  
No: %
L .K /  
Notsa 
No: %
Johanson 
No: %
D .E .A .  
No: %
Others 
No: %
Total
%
Share
10- 49 1 (0.7) 0 (0) 0 (0) 0 (0) 0 (0) 1 0.3
50- 99 2 (1.4) 0 (0) 0 (0) 1 (2.6) 2 (2) 5 1 .5
100- 499 22 (16.2) 5 (11.6) 8 (53) 4 (10.5) 14 (14) 53 16.0
500- 999 19 (13. 9) 7 (16. 3) 3 (20) 4 (10.5) 13 (13) 46 13. 9
1000- 1999 28 (20.6) 5 (11.6) 4 (26. 6) 2 (5.3) 8 (8) 47 14. 2
2000- 4999 36 (26.5) 17 (39.5) 0 (0) 13 (34.2) 25 (25) z 91 27. 6
5000- 80000 28 (20. 6) , 9 (20. 9) 0 (0) 14 . (36.8) 36 (36)1 87 26.3
TOTAL: 136 (100) 43 (100) 15 (100) 38 (100) 98 (100) 330
% Share: 41 13 4.5 11.5 .29,. 7 100
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TABLE No; 7. 6
M A JO R  R EASO N  FO R  C H O IC E  O F M E A S U R IN G  S Y S TE M
U .K .  U .S . T o ta l
R eason; N o: % No; % No; %
C ost 84 30. 7 6 7 .8 90 25. 7
A c c u ra c y 57 20. 9 20 26. 0 77 22. 0
T ra v e l 16 5. 9 ■ 2 2. 6 18 5 .1
T a b le  S ize 61 22. 3 11 14. 3 72 2 0 . 5
A v a i la b i l i t y 42 1 5 . 4 10 13. 0 52 14. 9
S o ftw a re 1 0 .4 5 6. 5 6 1 .7
S e rv ic e 0 0 0 0 0 0
C ost and 
A c c u ra c y 3 1. 0 10 13. 0 . 13 3. 7
C ost and 
T r a v e l 2 0. 8 4 5. 2 6 1 .7
C ost and 
T a b le  S ize 1 0 .4 4 5. 2 5 1 .4
A c c u ra c y  
and S ize 6 2. 0 5 6. 5 11 3 .1
T o ta l: 273 100 77 100 350 100
78% 22% 100%
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TABLE No: 7 ,7
YEAR OF PURCHASE OF MEASURING SYSTEM.
U . K .  U . S .  T o ta l
Y e a r: No: % No: % No: %
1957 1 0. 5 ■ 0 0 1 0. 3
1958 0 0 0 0 0 0
• 1959 1 0. 5 0 0 1 0. 3
1960 4 2. 0 1 1 5 1 .7
1961 1 0. 5 1 1 2 0. 6
1962 3 1 .5 0 0 3 1. 0
1963 4 2. 0 1 1 5 1 . 7
1964 6 3. 0 1 1 7 2 .4
1965 10 5. 0 3 3 13 4 .4
1966 15 7. 5 6 6 21 7. 1
1967 9 4 .5 5 5 14 4 .7
1968 9 4. 5 4 4 13 4 .4
1969 8 4. 0 6 6 14 4 . 7
1970 8 4. 0 11 11 19 6 .4
1971 10 5. 0 13 13 23 7 .7
1972 7 3. 5 11 11 18 6. 1
1973 14 7. 0 14 14 28 9 .5
1974 13 6. 5 5 5 18 6 .1
1975 11 5. 5 1 1 12 4 .1
1976 20 10. 0 7 7 27 9. 1
1977 18 9. 0 1 1 19 6. 4
1978 20 10. 0 4 4 24 8. 1
1979 5 2 .5 2 2 7 2 .4
1980 1 0. 5 1 1 2 0. 6
T O T A L S 198 100 98 100 296 100
66% 34% 100%
F o re c a s te d  to  P u rc h a s e
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7 , 3 -  C O N C E P TS  A N D  P O L IC IE S  ON HOW  NEW  T E C H N O LO G Y  
GOT IN T O  F IR M S .
T h is  s e c tio n  o f the  re s e a rc h  p ro je c t  exam ines  the  data  g ive n  in  the  
f ie ld  s u rv e y  in  an a tte m p t to  d e te rm in e  how  new te c h n o lo g y  fin d s  its  
w ay  in to  the  f i r m s .  T h e  fo llo w in g  s p e c if ic  a n a ly s is  has been c a r r ie d  
o u t:-
o W hat was the  o r ig in a l  so u rce  o f know ledge?
o W hat w as the  f i r s t  y e a r  o f know in g  about the  new techno log y?
o W ho w as the  p e rs o n  w ith in  the  f i r m  m o s t in  fa v o u r  o f the  new
techn o lo gy?
o H ow  lo n g  d id  i t  ta ke  f r o m  the  f i r s t  t im e  o f kn o w in g  to  in tro d u c e  
the  new te chn o logy?
o W hat d e g ree  o f a n a ly s is  was c a r r ie d  out to  check  w hat o th e r 
u s e rs  o r  s u p p lie rs  e xp e rie n c e d  w ith  the  new te ch no logy?
O r ig in a l s o u rc e  o f kn o w le d g e .
F ro m  a to ta l  o f 5 d if fe re n t  p o s s ib le  so u rces  o f know ledge  on C M M  
e qu ipm en t. T a b le  No: 7, 8 shows th a t in  a c o m p a r is o n  o f B r i t is h  and 
A m e r ic a n  u s e rs , the  te c h n ic a l p re s s  had the  h ig h e s t p e rce n ta g e  of 
s o u rc e  co n ta c ts  at 32. 7 p e rc e n t, bu t th is  re s u lt  was la r g e ly  in flu e n c e d  
b y  th e  B r i t i s h  u s e rs  w h e re  m o re  th a n  a th i r d  o f a l l  u s e rs  in d ic a te d  
th a t th is  was th e i r  o r ig in a l s o u rc e . T h e  A m e r ic a n  f i r m s ,  a lthough  a 
m uch  s m a lle r  sa m p le , tend  to  in d ic a te  th a t the  C M M  m a n u fa c tu re r  
was the g re a te s t s o u rc e  o f know ledge . T h is  la t te r  re s u lt  suggests 
the  s u p p lie rs  o f th is  equ ipm en t a re  m o re  e ffe c t iv e  in  A m e r ic a n  than  
in  B r i ta in ,  in  te rm s  o f a d v e r t is in g  th e ir  own p ro d u c ts . I t  is  in te r e s t ­
in g  to  note th a t th e  le a s t e ffe c t iv e  so u rce  was the  f i r m 's  h e a d q u a rte r 
g ro u p  in  b o th  A m e r ic a n  and B r i t is h  re s u lts .
M o s t co m m on  y e a r  o f kn o w in g .
T a b le  No; 7, 9 shows th a t the  m o s t com m on y e a r  f o r  kn o w in g  about 
the  new te c h n o lo g y  was 1970 bu t the  p e r io d  o f 1965 to  1967 c o lle c t iv e ­
ly  w e re  the  y e a rs  w hen m o s t f i r m s  w e re  f i r s t  a w a re  o f the  te ch n o ­
lo g y . A g a in  and d e sp ite  th e  s m a lle r  sa m p le , the  A m e r ic a n  fir :m s  
appea r to  be m a rg in a lly  ahead in  te rm s  o f kn o w in g  about the  
/ , , , ,  - 3 8 4 -
TABLE No: 7, 8
O R IG IN A L  SOURCE O F K N O W LE D G E  ON 
C O -O R D IN A T E  M E A S U R IN G  M A C H IN E S .
S ou rce  o f U .K . U .S . T o ta l
K now ledge : No: % No: % No %
F ir m 's
H e a d q u a rte rs 12 12 0 0 12 9. 8
T e c h n ic a l
P r e s s 35 35 5 23 .8 40 32.7
C o n fe re n ce
E x h ib it io n 17 17 2 9. 5 19 15. 6
C M M
M a n u fa c tu re r 19 19 10 47. 0 29 23. 8
O th e r 18 18 4 19. 0 22 1 8 . 0
T O T A L : 101 100% 21 100% 122 100%
82% 16% 100
N .B . A U  f i r m s  d id  not re sp on d  to  th is  q u e s tio n .
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TABLE No: 7 .9
F IR S T  Y E A R  O F L E A R N IN G  A B O U T  C M M
U . K . U . S . T o ta l
Y e a r : No: % No % No: %
1957 2 (2 .1) 0 (0) 2 ( 1 .4 )
1958 1 (1 .1 ) 0 (0) 1 ( 0 .7 )
1959 2 (2 .1 ) 0 (0) 2 (1 .4 )
1960 3 ( 3.2 ) 2 (8 .5 ) 5 (3. 6)
1961 4 (4 .3 ) 1 (4.2) 5 (3 .6 )
1962 4 (4 .3) 2 ( 8 .5 ) 6 (4. 2)
1963 7 ( 7 .5 ) 0 (0) 7 (5 .0 )
1964 6 (6 .4 ) 2 ( 8 .5 ) 8 ( 5 .7 )
1965 9 (9 .7) 2 (8 .5 ) 11 ( 7 .8 )
1966 3 ( 3 .2 ) 9 (19. 1) 12 ( 8 .6 )
1967 4 (4.3) 7 (14 .9) 11 ( 7 . 8 )
1968 5 (5 .4) 3 (6 .3 ) 8 (8. 6)
1969 2 (2 .1 ) 3 (6 .3 ) 5 (3. 6)
1970 9 (9 .7 ) 5 (10. 6) 14 (10. 0)
1971 3 (3.2) 3 (6 .3 ) 6 ( 4 . 2 )
1972 4 (4. 3) 1 (4 .2 ) 5 (3. 6)
1973 5 ( 5 .4 ) 3 (6. 3) 8 (5 .7 )
1974 4 (4 .3 ) 1 (4 .2 ) 5 (3. 6)
1975 10 (10.7) 2 (8 .5 ) 12 ( 8 . 6 )
1976 5 ( 5 .4 ) 1 (4. 2) 6 ( 4 .2 )
1977 0 (0) 0 (0) 0 (0)
1978 1 (1 .1 ) 0 (0) 1 (0 .7 )
T O T A L 93 100% 47 100% 140 100%
6 6 % 34% 100
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te c h n o lo g y  b e fo re  B r i t is h  f i r m s ,  ir re s p e c t iv e  o f the  fa c t th a t 
F e r r a n t i ,  S co tland  w e re  the  o r ig in a to rs  o f the  f i r s t  c o m m e rc ia l 
m e a s u r in g  e qu ip m e n t. I f  the data g ive n  in T a b le  N o; 7. 7 y e a r  o f p u r ­
chase is  co m p a re d  to  th a t o f the  above T a b le  on y e a r  o f le a rn in g  
about C M M , i t  can be seen th a t th e re  is  c o r re la t io n  be tw een  bo th  
re s u lts ,  in  th a t a f te r  1965 and 1970 th e re  was c o n s id e ra b le  ev idence  
o f g ro w th  o f the  C M M  equ ipm en t.
P e rs o n  m o s t in  fa v o u r  o f new te ch n o lo g y .
In  re la t io n  to  how  te c h n o lo g y  gets in to  f i r m s ,  th is  re s e a rc h  t r ie d  to  
id e n t ify  a p e rs o n  w ith in  the  f i r m  s tro n g ly  in  fa v o u r  o f new te ch n o lo g y . 
T a b le  No: 7 . 1 0  shows th a t o f the  89 peop le  id e n t if ie d  as be in g  
s tro n g ly  in  fa v o u r  o f new te ch n o lo g y , th e ir  b a s ic  d is c ip l in e  and p e r ­
centage sh a re  w e re  as fo l lo w s :-  q u a lity  (58%), p ro d u c tio n  (10%), 
e n g in e e r (5%), and g e n e ra l m anagem ent (16%). O n ly  9 p e rc e n t o f the  
to ta l w e re  o f d ir e c to r  le v e l w ith  th e  f i r m s .  T h e  a ve rag e  n u m b e r o f 
y e a rs  s e rv ic e  w ith  th e  com pany fo r  these  peop le  was 16. 5 y e a rs  
w h ic h  tends  to  d isco u n t the  th e o ry  th a t new te c h n o lo g y  gets in to  f i r m s  
b y  the  p ro c e s s  o f peop le  m o v in g  job s  and te c h n o lo g ic a l in fo rm a t io n  
f r o m  one f i r m  to  a n o th e r. T h e re  appears  to  be no g re a t s ig n if ic a n c e  
be tw een  th e  d is c ip lin e s  o f the  p e rson s  in  fa v o u r , o b v io u s ly  the 
q u a lity  fu n c tio n s  dom in a te  the  to ta l  n u m be r o f d is c ip lin e s  and w h e re  
th is  fu n c tio n  is  not p ro m in e n t,s u c h  as in  the  a u to m o b ile -m o to r  and 
R & D b u s in e ss  a c t iv it ie s ,  these  a re  pushed b y  g e n e ra l m anagem ent 
fu n c tio n .
T im e  la g  to  in tro d u c e  new tech no log y .
A n  in te re s t in g  asp ec t o f new te ch n o lo g y  is  re la te d  to  the  t im e  w h ich  
e lapsed  be tw een  th e  t im e  o f f i r s t  kn o w ing  about the  new te ch n o lo g y  to  
the  t im e  w hen i t  is  in tro d u c e d  in to  the  f i r m .  T a b le  No: 7,11 shows 
th a t on a ve ra g e  i t  to o k  2. 58 y e a rs  to  get the  te ch n o lo g y  w ith  the  
d o m e s tic  p ro d u c ts  b u s in e ss  ta k in g  longes t a t 7. 5 y e a rs  and food 
p ro c e s s in g  equ ipm en t b u s in e ss  a c t iv it y  ta k in g  le a s t t im e  a t 1 .1  y e a rs . 
T h e  rea son s  w hy  th e re  is  a t im e  la g  and w hy i t  shou ld  v a ry  f r o m  one 
b u s in e ss  a c t iv i t y  to  a n o th e r co u ld  be re la te d  to  one o r  s e v e ra l 
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TABLE NO:7.11
T IM E  L A G  T O  IN T R O D U C E  T E C H N O L O G Y  
V IS IT  T O  O T H E R  USERS & S U P P L IE R S .
B u s in e ss
A c t iv i t y :
T im e
L a g
(y e a rs )
% of
F ir m s
who
m ade v is i t
A v e ra g e  
V is it s  
p e r  f i r m  
( ) to ta l  v is i t s
D efence 1. 76 80 (11) 1 .5
A i r c r a f t 2. 27 91 (27) 2. 25
T o o ls 2. 3 75 (5) 1. 0
M a c h in in g 2 .4 80 (8) 1. 6
E ng ines 3. 6 71 (12) 1 .7
P u m p s 2 .7 71 (8) 1 .1 4
T r a c to r s 5 .8 100 (17) 2. 6
P ood P ro c , 1 .1 100 (6) 1 .5
T e le c o m . 1 .2 100 (5) 1. 25
E le c tro n . 2. 2 76 (22) 1. 3
M / c T o o ls 2. 8 90 (22) 2. 2
C o n tro ls 1 .8 75 (5) 1. 25
C a s tin g s 2. 0 100 (12) 3. 0
M o to r 2 .7 50 (13) 1. 3
M is c . 2. 5 85 (7) 1. 0
R & D 1. 25 33 (2) 0. 3
P la s t ic s 1. 6 100 (3) 1. 0
M  & H 1. 6 33 (1) 0. 3
In s tru . 2. 6 62 (7) 0. 87
D om . P ro d . 7 .5 100 (3) 1. 5
A v e ra g e 2. 58 78. 6% (196) 1. 43
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factors namely -
1. F in a n c ia l c o n s tra in ts ,
2. T e c h n o lo g ic a l c o n s tra in ts ,
3. M a n a g e r ia l c o n s tra in ts .
D eg re e  o f a n a ly s is  b y  v is i t s  to  o th e r u s e rs .
T h e  ex ten t to  w h ich  p o te n tia l ow n e rs  of C M M  eq u ipm en t v e r if ie d  the  
e xp e rie n ce  o f o th e r u s e rs  o r  indeed  s u p p lie rs  p r io r  to  th e ir  own 
d e c is io n  to  m ake  th e  in v e s tm e n t, was co n s id e re d  an im p o r ta n t a spect 
o f th e  w ho le  b u s in e ss  o f a c q u ir in g  new te ch n o lo g y . T a b le  No: 7 .12  
showed th a t 78. 6 p e rc e n t m ade a v is i t  and a to ta l o f 196 v is i t s  w e re  
a c c o m p lis h e d , on a ve rag e  1 .43  v is i t s  p e r f i r m .  T h e  m o s t nu m e ro u s  
v is i t s  w e re  noted in  the  ca s tin g s  b u s in e ss  a c t iv it y  w ith  the  le a s t 
show n in  R & D and m e d iu m  to  heavy  (M &H ) e n g in e e rin g . O f the to ta l 
196 v is i t s  m ade, 31 p e rc e n t w e re  to  s u p p lie rs  o f th e  C M M  equ ipm ent 
and 54 p e rc e n t to  o th e r u s e rs , the  ba lance  o f 15 p e rc e n t co ve re d  bo th  
u s e r and s u p p lie r  com b in ed  v is i t s .  S ig n if ic a n t ly  2 1 . 4  p e rc e n t o f the  
p o te n t ia l o w n e rs  o f the  C M M  equ ipm en t m ade no v is i t s  w h a tso e ve r.
T a b le  No: 7 .1 2  s p e c if ic a l ly  d e ta ils  the  m o s t co m m on  v is i t s  show ing  
th a t the  equ ipm en t s u p p lie rs  co ve re d  the  la rg e s t  sh a re  o f the  v is i t s  
w h ile  u s e r f i r m s  l ik e  R o lls  R oyce , C a te rp i l la r ,  F o rd  and o th e rs  
w e re  in s t ru m e n ta l in  h o s tin g  o th e r p o te n tia l u s e rs . T h e re  was 
h o w e ve r no one f i r m  w h ic h  d o m ina ted  a l l  o th e rs  in  p ro je c t in g  th is  
new te ch n o lo g y .
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TABLE No: 7, 12
VIS ITS  T O  O T H E R  USERS A N D  S U P P L IE R S  O F 
A D V A N C E D  M E A S U R IN G  T E C H N O LO G Y .
T o ta l v is i t s  m ade to  o th e r  u s e rs  and s u p p lie rs  
V is i t  to  s u p p lie rs  
V is i t  to  o th e r  u s e rs
V is i t  to  b o th  s u p p lie rs  and o th e r u se rs
T o ta l p e rce n ta g e  o f f i r m s  who m ade som e typ e  
o f v is i t
T o ta l p e rce n ta g e  o f f i r m s  who m ade no v is i t s
196 
60 (31%) 
105 (54%) 
30 (15%)
78. 6% 
21 .4%
M o s t C om m on  V is its No. o f % of
-- ' V is i t s : T o ta l:
F e r r a n t i  o r  B e n d ix 25 12. 8
V a r io u s  (not s ta te d ) 20 10. 0
L .  K . T o o ls  L td 12 6. 0
E x h ib it io n s 7 3. 6
R o lls  R oyce 6 3. 0
D. E . A .  ( I ta ly ) 4 2. 0
C a te r p i l la r 3 1. 5
F o rd  (M o to r) 3 1 .5
L u ca s 2 1 ,0
S m ith  In d u s tr ie s 2 1 .0
B r i t is h  A e r o 2 1 . 0
86 43. 9%
O th e rs  (one o ff o n ly ) 110 56. 0%
T O T A L ; 196 100. 0%
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7 .4  -  P R O B L E M S  A N D  A T T IT U D E S  C O N C E R N E D  W IT H
IN T E G R A T IO N  OP IN S P E C T IO N  W IT H  P R O D U C T IO N  D U E 
T O  T E C H N O L O G IC A L  C H A N G E .
In tro d u c t io n .
Im p ro v in g  te c h n o lo g y  and g ro w th  in  the  f ie ld  o f N . C , , and C. N. C . , 
m a ch in e  to o ls  e s p e c ia lly  m a c h in in g  c e n te rs , m a y  in  th e  fu tu re  
su p e rse d e  th e  need fo r  a s ig n if ic a n t p ro p o r t io n  o f c u r re n t  s ty le d  
c o -o rd in a te  m e a s u r in g  m a ch in e s . T h is  m ay  com e about due to  in -  
p ro c e s s  gaug ing  s y s te m s  o r  re v is e d  c o -o rd in a te  m e a s u r in g  m a ch in e  
d e s ig n  a p p lic a t io n  to  an in -p ro c e s s  q u a lity  c o n tro l.  W ith  these  above 
advances in  te c h n o lo g y , th e re  has to  be an a s s o c ia te d  d is p la c e m e n t o f 
la b o u r  f r o m  the  c u r re n t  in s p e c tio n  w o rk fo rc e  in to  som e o th e r fu n c tio n . 
T h e se  changes w i l l  p ro b a b ly  be o f an e v o lu t io n a ry  n a tu re  o v e r a lo n g  
p e r io d  o f t im e  and thus  the  im p a c t w i l l  not be so d ra m a t ic  on the  
p la n t. N o rm a l m e tho ds  o f d is p la c e m e n t o f la b o u r  w i l l  be fo llo w e d  b y  
m o s t f i r m s ,  f o r  e xa m p le , a t t r i t io n  w ith o u t r e - h i r e ,  p ro m o t io n  w ith o u t 
re p la c e m e n t and o th e r . T h is  re s e a rc h  suggests  th a t som e o f the  
te c h n o lo g ic a lly  re d un d a n t la b o u r  w i l l  fo l lo w  the  c o u rs e  o f the  new 
te ch n o lo g y  and adopt a k in d  o f a d v is o ry  ro le  w ith in  a p ro d u c tio n  te a m . 
T h is  new a d v is o ry  fu n c tio n  w ou ld  in v e s t ig a te  and c o r re c t  th ro u g h  the  
o p e ra to r ,  to le ra n c e  band d r i f t s  o u tw ith  s p e c if ic a t io n s  g iv e n  in  the  
b lu e p r in t .
In  o rd e r  to  te s t th e  a tt itu d e  o f u s e rs  o f c u r re n t  m e a s u r in g  m a ch in e  
e q u ip m e n t on th is  s u b je c t, th e  150 u s e rs  in  the  f ie ld  s tu d y  w e re  
asked  i f  th ro u g h  th e se  te c h n o lo g ic a l advances th e y  c o n s id e re d  th a t 
th e  in s p e c to r  sh ou ld  e v e n tu a lly  becom,e p a r t o f the  p ro d u c tio n  team ? 
E ach  re sp on d e n t was asked to  in d ic a te  how he fe l t  abou t the  p ro p o s a l 
in  5 v a r ia b le s  n a m e ly ,
o S tro n g ly  d is a g re e  w ith  th e  in s p e c to r  m o v in g  to  p ro d u c tio n , 
o M i ld ly  d is a g re e  w ith  th e  in s p e c to r  m o v in g  to  p ro d u c tio n ,
o N e ith e r  a g re e  n o r d is a g re e  w ith  the  in s p e c to r  m o v in g  to
p ro d u c tio n .
o M ild  a g re e m e n t w ith  the  in s p e c to r  m o v in g  to  p ro d u c tio n , 
o S tro n g  a g re e m e n t w ith  the  in s p e c to r  m o v in g  to  p ro d u c tio n .
-392-
R e s u lts  o f S u rve y .
T a b le  No: 7. 13 shows th a t o v e ra l l  a lm o s t 50 p e rc e n t o f th e  re s p o n d ­
ents w e re  a g a in s t and 35 p e rc e n t fo r  the  p ro p o s a l, w ith  the  b a lance  
o f 15 p e rc e n t n e ith e r  a g re e in g  n o r d is a g re e in g . In te re s t in g  as i t  is ,  
the  2 la rg e s t  p e rce n ta g e s  w e re  re f le c te d  at e x tre m e  ends o f the  
sca le  to  one a n o th e r, th a t is ,  3 7 . 4  p e rc e n t s tro n g ly  d is a g re e in g  and
2 0 . 4  p e rc e n t in  s tro n g  a g re e m e n t. I t  was a ls o  o b se rve d  f r o m  th is  
ta b le  th a t th e re  w e re  d if fe re n c e s  in  o p in io n  be tw een  s im i la r  b u s in e ss  
a c t iv it ie s  -  f o r  e xa m p le  w ith  eng ines, w h e re  6 f i r m s  w e re  a g a in s t 
and 5 f o r  the  concep t, a ls o  w ith  t r a c to r / t r u c k ,  9 f i r m s  w e r e  fo r  and 
8 a g a in s t. T a b le  No; 7 . 1 4  show s the  sam e b a s ic  da ta  a rra n g e d  in  
e m p loyee  s iz e  g ro u p s , the  sam e p e rcen ta g e  in te g ra te s  a re  e v iden t 
b u t i t  is  in te re s t in g  to  note  th a t the  2 s tro n g e s t g ro u p s  a g a in s t a re  at 
100 to  499 and 2, 000 to  4, 999 e m p lo ye e  s iz e , w h ile  th e  em p loyee  
g roup s  in  fa v o u r  a re  s tro n g e s t a t the  100 to  1, 999 em p lo ye e  s ize  
g ro u p in g  and e ve n ly  d is t r ib u te d  about the  o th e r  s iz e  g ro u p s , w ith  the 
e xc e p tio n  o f th e  2 s m a lle s t  g ro u p in g s  f r o m  10 to  99 em p lo ye e  s ize  
f i r m s ,  w h e re  th e  n u m b e rs  a re  z e ro .
T h e  re s u lts  g ive n  in  these  c h a r ts  tend  to  be in c o n c lu s iv e , s in ce  th e re  
a re  2 sch o o ls  o f tho ugh t am ong the  150 f i r m s  who resp on d e d  to  the  
s u rv e y . One g ro u p  c le a r ly  see th e  consequences o f advanced te c h n o ­
lo g y  and the  e ve n tu a l e lim in a t io n  o f " a f te r - th e -e v e n t ”  in s p e c tio n  
te ch n iq u e s , w h ile  th e  g ro up  a g a in s t the  a rg u m e n t f o r  in te g ra t io n  m a y  
a ls o  see th e  e lim in a t io n  o f in s p e c tio n , b u t cannot accep t th e  idea  of 
in te g ra t io n  o r  th e y  do not a g re e  w ith  the  n o tio n  th a t a d vanc ing  te c h n o ­
lo g y  w i l l  ge t to  the  degree  o f s o p h is t ic a tio n  w h e re  i t  w i l l  e v e r d is ­
p la ce  th e  need fo r  the  independen t in s p e c to r .
/ ___  -393.
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7 . 5 -  CHANGES IN INFLUENCE AND POWER.
In tro d u c t io n .
W ith  the  in t ro d u c t io n  o f p o w e r fu l new te c h n o lo g ie s  such  as c o -o rd in a te  
m e a s u r in g  m a ch in e s  onto the  shop f lo o r ,  w ha t e ffe c t does th is  have 
on the  new  o p e ra to r  in  te rm s  o f h is  in f lu e n c e  and p o w e r as re la te d  to  
o th e r  m e m b e rs  o f the  w o rk fo rc e ?  In flu e n c e  in  th is  in s ta n c e  is  
d e fin e d  as th e  a b i l i t y  to  p e rsu a d e  o th e rs  to  fo l lo w  a p a r t ic u la r  d i r e c t ­
io n , w h ile  p o w e r in  th is  co n te x t is  d e fin e d  as the  a b i l i t y  to  e x e r t 
a u th o r ity ,  m o v in g  f r o m  a c a p a c ity  as a sk in g  to  d e m an d ing  a change in ' 
a p a r t ic u la r  w o rk  s itu a t io n  re la te d  to  in s p e c tio n  o f com p on en ts .
P r i o r  to  th e  in t ro d u c t io n  o f C M M  equ ipm en t, the  c r a f t  in s p e c to r  used 
c o n v e n tio n a l gaug ing  to  che ck  i f  a com ponen t w as c o r re c t  o r  in c o r r e c t  
to  p r in t .  T h is  p ro c e s s  o f m e a s u re m e n t was la r g e ly  dependent upon 
th e  s k i l l  o f th e  in s p e c to r  and o fte n  the  r e s u lt  o f h is  ch eck  was c a l­
c u la te d  on a s c ra p  o f p a p e r. W ith  the  C M M  e q u ip m e n t p r in t - o u t ,  
da ta  can v e r y  q u ic k ly  in d ic a te  out o f to le ra n c e  c o n d it io n s , g e n e ra te  
g ra p h ic a l p lo ts  and thus  g ive  th e  in s p e c to r  a m u ch  g re a te r  te c h n o ­
lo g ic a l advan tage .
T h is  re s e a rc h  p ro je c t  a tte m p te d  to  a s c e r ta in  f r o m  150 u s e rs  o f 
C M M  e q u ip m e n t i f  the  a rg u m e n t th a t the  in s p e c to r  had ga ined  g re a te r  
in f lu e n c e  and p o w e r w as v a lid  o r  no t. T a b le  No: 7 . 1 9  and T a b le  No:
7. 20 show  th e  re s u lts  ob ta ined  f r o m  146 f i r m s  w ho re sp on d e d  to  th is  
q u e s tio n .
Change in  in f lu e n c e .
T a b le  No: 7. 15 shows the  change in  in f lu e n c e  b y  b u s in e ss  a c t iv i t y  and 
suggests  th a t o n ly  11 f i r m s  o r  7. 5 p e rc e n t o b s e rv e d  a g re a t change 
w h ile  63 f i r m s  o r  43, 2 p e rc e n t no ted  an in c re a s e . J u s t le s s  th a n  50 
p e rc e n t o r  72 f i r m s  re p o r te d  no change. T h e  f i r m s  in  b u s in e ss  
a c t iv it ie s  who re p o r te d  the  in c re a s e d  in f lu e n c e  w e re  eng ines , t r a c to r -  
t ru c k s  and m is c e lla n e o u s . T h o se  o b s e rv in g  no change w e re  
e le c t ro n ic ,  m o to r  and p um ps. T a b le  No: 7 . 1 6  show s the  sam e 
/ , , , ,  - 3 9 6 -
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p e rce n ta g e  in f lu e n c e  b y  e m p lo ye e  s iz e  g ro u p in g s , bu t i t  is  in te r e s t ­
in g  to  note th a t f i r m s  in  the  la r g e r  s ize  g ro u p in g s  te n d  to  note 
changes in  in f lu e n c e  p re d o m in a te ly  w h ile  the  la rg e s t  g ro up s  o f f i r m s  
w ho re p o r te d  no change in  in flu e n c e  a re  in  the  100 to  499 em p lo ye e  
s iz e  g ro u p . T h is  la s t  o b s e rv a tio n  appears  to  be som ew ha t c o n tra ry  
to  e xp e c ta tio n s  as one w ou ld  c o n s id e r  th a t changes w ou ld  be m o re  
a p p a re n t in  a s m a lle r  th a n  a la r g e r  f i r m ,  and f r o m  th e  o b s e rv a tio n s  
m ade in  th e  b u s in e ss  a c t iv i t y  T a b le  No: 7 .15 ,  th e re  is  a g a in  a 
d iv is io n  o f o p in io n  on w h e th e r th e  o p e ra to r  has o r  has not ga ined 
in c re a s e d  in f lu e n c e . C o m b in in g  th e  re s u lts  f r o m  b o th  ta b le s  w ou ld  
in d ic a te  th a t la rg e  s iz e  f i r m s  o f 2, 000 p lu s  e m p lo ye e s  in  the  engine 
and t r a c t o r / t r u c k  typ e s  o f b u s in e ss  a c t iv i t y  cou ld  be s u b je c t to  a 
change in  in f lu e n c e  o f o p e ra to rs  on C M M  e q u ip m e n t, w h ile  s m a ll 
f i r m s  in  the  100 to  499 em p lo ye e  s iz e  in  th e  e le c t ro n ic  and m o to r  
typ e s  o f b u s in e ss  a c t iv it ie s  have le s s  p ro b a b i l i ty  to  o b s e rv in g  a 
change in  in f lu e n c e .
Changes in  p o w e r.
T a b le  No: 7. 15 shows th a t o n ly  2 f i r m s  o r  1 .4  p e rc e n t o b se rve d  a 
g re a t in c re a s e  in  p o w e r on the  p a r t  o f the  o p e ra to r  bu t 32 f i r m s  o r  
21. 9 p e rc e n t noted an in c re a s e  in  p o w e r. A  m u ch  la r g e r  n u m b e r o f 
f i r m s  to ta l ly  112 o r  76, 7 p e rc e n t re p o r te d  no change in  p o w e r. O n ly  
one b u s in e ss  a c t iv i t y  d o m in a te d  the  f i r m s  who no ted  in c re a s e  in  
p o w e r and th is  was in  the  t r a c to r / t r u c k  b u s in e ss , w h ile  e le c tro n ic ,  
a i r c r a f t  and engine b u s in e ss  a c t iv it ie s  re p o r te d  no change p r e ­
d o m in a te ly . T a b le  No: 7 .1 6  shows the  la rg e s t  s in g le  g ro up  o f f i r m s  
o b s e rv in g  in c re a s e d  p o w e r w e re  in  the  2, 000 to  4, 999 e m p loyee  s iz e  
g ro up  a lth o u g h  a n o th e r 11 f i r m s  w e re  noted be tw een  100 and 999 
e m p lo ye e  s iz e  g roup s  a lso  o b s e rv in g  in c re a s e d  p o w e r. I t  w ou ld  
th e re fo re  be w ro n g  to  co nc lude  in  th is  in s ta n ce  th a t s p e c if ic  s ize  
g roups  w e re  m o re  s u b je c t to  change than  o th e rs . T h e  f i r m s  r e p o r t ­
in g  no change w e r e  e ve n ly  sp re a d  o v e r em p loyee  s iz e  g roups f ro m  
100 e m p lo ye e s  upw ards  and th e re fo re  no s ig n if ic a n t c o n c lu s io n  is  
d ra w n  f r o m  th is  c a te g o ry .
-399-
7 .6  -  R E L A T IO N S H IP S  B E T W E E N  O P E R A TO R S  A N D ' 
P R O D U C T IO N  SU PER VISO R S.
In tro d u c t io n .
A lm o s t h a lf  o f th e  f i r m s  in  the  f ie ld  s u rv e y  in d ic a te d  th a t th e y  had 
o b se rve d  th e  C M M  eq u ipm en t in s p e c to r  o p e ra to r  to  have in c re a s e d  
h is  in f lu e n c e  and a p p ro x im a te ly  a q u a r te r  o f th e  sam e sa m p le  noted 
an in c re a s e  in  th e  p o w e r o f a u th o r ity  in  th e i r  re s p e c t iv e  o p e ra to rs . 
T h is  s e c tio n  o f th e  re s e a rc h  in v e s t ig a te s  w h e th e r th is  o b se rve d  
in c re a s e  in  in f lu e n c e  and p o w e r has had any e ffe c t on th e  re la t io n s h ip  
be tw een  th e  o p e ra to r  in s p e c to r  and th e  p ro d u c tio n  l in e  s u p e rv is o r ,  
w ho is  th e  u s e r  o f th e  C M M  eq u ip m e n t s e rv ic e ?
E ach  re sp o n d e n t to  th e  q u e s tio n  o f re la t io n s h ip s  w as asked  to  
in d ic a te  th e  d e g re e  o f change in  th e  re la t io n s h ip  as fo llo w s
o G re a t ly  im p ro v e d  re la t io n s h ip ,  
o Im p ro v e d  re la t io n s h ip ,  
o No change in  th e  re la t io n s h ip ,
o D e te r io ra te d  re la t io n s h ip .
R e s u lts  o f s u rv e y .
T a b le  No: 7 . 1 7  show s th a t f r o m  a to ta l o f 144 f i r m s ,  o n ly  5 f i r m s  o r
3. 5 p e rc e n t in d ic a te d  g re a t ly  im p ro v e d  re la t io n s h ip s  w h ile  57 f i r m s  
o r  39. 6 p e rc e n t no ted  im p ro v e d  re la t io n s h ip s  w h ile  81 f i r m s  o r  56. 2 
p e rc e n t re p o r te d  no change. One f i r m  re p o r te d  a d e te r io ra te d  
re la t io n s h ip  bu t th is  m u s t be d isco u n te d  as in s ig n if ic a n t  da ta . T h e  
f i r m s  in  b u s in e s s  a c t iv it ie s  w h ic h  no ted  im p ro v e d  re la t io n s h ip s  w e r e  
t r a c to r / t r u c k ,  a i r c r a f t  and eng ines, w h ile  th o se  f i r m s  who o b se rve d  
no change w e re  p re d o m in a n te ly  in  the  e le c t ro n ic ,  de fence , m is c e l la n ­
eous and in s tru m e n ts  b u s in e ss  a c t iv it ie s .  T a b le  No; 7 . 1 8  shows the  
sam e da ta  b y  e m p lo ye e  s iz e  g roups  and m o re  s ig n if ic a n t ly  i t  is  no ted  
th a t the  e m p lo ye e  s iz e  g roups  o f la r g e r  f i r m s  f r o m  2, 000 em p loyee s  
upw ards  had o b se rve d  im p ro v e d  re la t io n s h ip s  w h ile  the  s m a lle r  
f i r m s  at 100 to  999 e m p lo ye e  s iz e  w e re  o b s e rv in g  no change.
/ .  . . -400-
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In  th is  in s ta n c e  i t  m a y  be to o  u n re a l is t ic  to  expect no changes in  
re la t io n s h ip  in  the  s m a lle r  f i r m s  m a in ly  due to  th e  p ro b a b i l i ty  o f a 
m o re  s ta b le  o rg a n is a tio n  s tru c tu re ,  w h e re  the  s m a ll  n u m b e r o f 
em p loyees m akes f o r  m o re  fre q u e n t con ta c t be tw een  in d iv id u a ls  and 
th e re fo re  re la t io n s h ip s ,  p o w e r and in f lu e n c e  be tw een  peop le  a re  
m o re  l ik e ly  to  be h a rde n e d  in to  a p a tte rn .
/ .  , , ,  -403-
7. 7  - DISSATISFACTION DUE TO D E -SKILLING.
In tro d u c t io n .
T h e  p ro b le m s  a s s o c ia te d  w ith  d e -s k i l l in g  o f b lu e  c o l la r  e m p loyees  
due to  th e  advance o f new te ch n o lo g y  has a lre a d y  been  d iscu sse d  in  
th is  re s e a rc h , see c h a p te r 4, page 202. T h is  q u e s tio n  c o n c e rn in g  
d e - s k i l l in g  w as a g a in  ra is e d  in  the  f ie ld  s u rv e y  in  o rd e r  th a t fu r th e r  
in fo rm a t io n  be added to  the  re s e a rc h  and thus  d e r iv e  g re a te r  u n d e r­
s ta n d in g  o f som e o f th e  consequences o f new m e a s u r in g  m a ch in e  te c h ­
n o lo g y  on the  w o rk fo rc e . T h e  f i r m s  u s in g  C M M  e q u ip m e n t w e re  
asked i f  th e y  thou gh t th e  C M M  eq u ipm en t re q u ire d  le s s  s k i l l  to  o p e r ­
a te  and i f  so, w o u ld  th e  in s p e c to r  becom e d is s a t is f ie d  w ith  h is  w o rk  
o r  no t. A g a in  5 in te g ra te d  v a r ia b le s  w e re  used n a m e ly ,
o S tro n g ly  d is a g re e  th a t in s p e c to rs  w ou ld  becom e d is s a t is f ie d , 
o M i ld ly  d is a g re e  th a t in s p e c to rs  w ou ld  becom e d is s a t is f ie d , 
o N e ith e r  a g ree  n o r d is a g re e  th a t in s p e c to rs  w o u ld  becom e d is ­
s a t is f ie d .
o M i ld  a g re e m e n t th a t in s p e c to rs  w ou ld  becom e d is s a t is f ie d , 
o S tro n g  a g re e m e n t th a t in s p e c to rs  w ou ld  becom e  d is s a t is f ie d .
R e s u lts  o f s u rv e y .
T a b le  No: 7 ,1 9  show s th a t o f 147 f i r m s  who re sp on d e d  to  th is  q u e s t­
ion , 86 o r  58. 5 p e rc e n t w e re  s tro n g ly  o r  m i ld ly  d is a g re e in g  w ith  the  
n o tio n  th a t the  in s p e c to r  w ou ld  becom e d is s a t is f ie d , w h ile  b y  c o n tra s t 
33 f i r m s  o r  22. 4 p e rc e n t had m i ld  to  s tro n g  a g re e m e n t th a t he w ou ld  
becom e d is s a t is f ie d .  A lm o s t  20 p e rc e n t o r  28 f i r m s  co u ld  not a g re e  o r  
d is a g re e  w ith  th e  p ro p o s a l. T h e  f i r m s  in  b u s in e ss  a c t iv it ie s  a g a in s t 
th is  p ro b a b i l i ty  o f d is s a t is fa c t io n  w e re  e le c tro n ic s ,  t r a c to r / t r u c k s  
and m is c e lla n e o u s . T h e  f i r m s  in  b u s in e ss  a c t iv it ie s  w ho ag ree d  w ith  
the  n o tio n  o f fu tu re  d is s a t is fa c t io n  w e re  a i r c r a f t  and t r a c to r / t r u c k s  
a lth ough  the  f i r m s  in  th is  g ro u p in g  tended to  be f a i r l y  s m a ll in  
n u m b e rs  and s p re a d  e ve n ly  o v e r m o s t o f the  b u s in e ss  a c t iv it ie s .  T a b le  
N o:7 , 20 shows the  sam e data  b y  em p loyee  s iz e  and tends to  in d ic a te  
th a t f i r m s  in  the  la r g e r  s iz e  g roups  f r o m  2, 000 e m p lo ye e s  u pw ards  to  
be a g a in s t th e  n o tio n  and f i r m s  in  the  s m a lle r  s iz e  g ro ups  at 100 to  499 
em p loyees  to  be in  a g re e m e n t w ith  the  n o tion , th a t the  in s p e c to r  w i l l
becom e  d is s a t is f ie d  in  the  fu tu re  due to  d e -s k i l l in g .
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7 . 8 -  T H E  E F F E C T  O F NEW  T E C H N O LO G Y  O N  S TA T U S  A N D  
JO B IN T E R E S T .
In tro d u c t io n .
P r io r  re s e a rc h  in  th e  f ie ld  o f new n u m e r ic a l c o n tro l m a ch in e  to o ls  
has show n th a t o p e ra to rs  e x h ib ite d  an im p ro v e m e n t in  s ta tu s  and in  
job  in te re s t .  T h is  s e c tio n  o f the  re s e a rc h  a tte m p ts  to  d e te rm in e  i f  
such changes have been o b se rve d  in  bo th  C M M  o p e ra to rs  and o th e r  
in s p e c to rs  not w o rk in g  on the  new  te c h n o lo g y  b u t a ss o c ia te d  w ith  i t  
th ro u g h  th e i r  day to  day a c t iv it ie s .
F ir m s  u s in g  C M M  e q u ip m e n t w e re  asked  i f  th e y  th o u g h t th e i r  C M M  
o p e ra to rs  and o th e r  in s p e c to rs  had o b se rve d  th e  fo l lo w in g ; -
o F e e lin g  o f in c re a s e d  s ta tu s ,
o F e e lin g  o f le s s  s ta tu s ,
o G re a te r  in te re s t  in  w o rk ,
o L e s s  in te re s t  in  w o rk ,
o No change.
E ffe c ts  on s ta tu s  and job  in te re s t  f o r  the  o p e ra to r .
T a b le  No: 7. 21 show s th a t f r o m  th e  to ta l o f 143 f i r m s  who re sp ond ed  
to  th is  q u e s tio n , 33 f i r m s  o r  2 3 .8  p e rc e n t noted no change w h ile  74 
f i r m s  o f 51. 7 p e rc e n t o b se rve d  in c re a s e d  s ta tu s  and 35 f i r m s  o r  24.5 
p e rc e n t no ted  g re a te r  job  in te re s t .  T h e re  w e re  no re p o r ts  o f le s s  
s ta tu s  o r  le s s  in te re s t  b e in g  no ted  in  any f i r m .  T h e  f i r m s  in  
b u s in e ss  a c t iv it ie s  w h e re  in c re a s e d  s ta tu s  was o b s e rv e d  w e re  p r e ­
d o m in a n t e ly  eng ines, t r a c to r / t r u c k s ,  a i r c r a f t  and m is c e lla n e o u s .
T h e  f i r m s  in  b u s in e ss  a c t iv it ie s  w h ic h  showed g re a te r  in te re s t  w e re  
t r a c to r s ,  e le c tro n ic s  and a ir c r a f t .  T h e  2 m o s t p ro m in e n t b u s in e ss  
a c t iv it ie s  w h ic h  re f le c te d  no change w e re  w ith  f i r m s  in  e le c tro n ic s  
and m a ch in e  to o ls  b u s in e ss  a c t iv it ie s .  T a b le  No: 7 .22  shows th a t 
w ith  the  sam e p e rce n ta g e  a n a ly s is  fo r  each c a te g o ry  o f e ffe c t as th a t 
show n fo r  b u s in e s s  a c t iv it ie s  in  T a b le  No: 7. 21, the  f i r m s  in  em p lo ye e  
s iz e  g ro up s  f r o m  100 e m p lo ye es  upw ards  have a f a i r l y  even sp re a d  
re p o r t in g  o b se rve d  changes in  s ta tu s . T h e  e m p loyee  s iz e  g ro up  of 
2, 000 to  4, 999 has the  h ig h e s t va lu e  at 18 f i r m s  o r  26 p e rc e n t o f the  
/ . . .  -4 0 7 -
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to ta l  o f a l l  f i r m s  in  th is  c a te g o ry . G re a te r  job  in te re s t  f o r  f i r m s  in  
e m p loyee  s iz e  g ro up s  a re  shown a t 100 to  499 and 2, 000 to  4, 999 
em p lo ye e  s iz e  p re d o m in a n te ly . T h e  la rg e s t  e m p lo ye e  s iz e  g ro up  
show ing  no change is  a t 100 to  499 em p lo ye es  and th is  is  a p p ro x im a t­
e ly  39 p e rc e n t o f a l l  the  f i r m s  re p o r t in g  no change.
E ffe c ts  on s ta tu s  and job  in te re s t  f o r  the  o th e r  in s p e c to rs .
T a b le  No; 7. 21 shows th a t 88 f i r m s  o r  61. 5 p e rc e n t o f the  to ta l 
o b se rve d  no change in  th e  o th e r  in s p e c to rs  in  t h e i r  a ss ig n m e n ts  
w ith in  the  f i r m s .  In c re a s e d  s ta tu s  was o b se rve d  b y  19 f i r m s  o r  13. 3 
p e rc e n t and 30 f i r m s  o r  21 p e rc e n t o b se rve d  g re a te r  job  in te re s t .  I t  
is  in te re s t in g  to  note  th a t 5 f i r m s  o r  3. 5 p e rc e n t no ted  le s s  s ta tu s  
am o ng s t t h e i r  o th e r  in s p e c to rs  and one f i r m  re p o r te d  le s s  in te re s t .  
T h e  f i r m s  in  b u s in e s s  a c t iv it ie s  who w e re  m o s t p ro m in e n t in  n o tin g  
in c re a s e d  s ta tu s  w e re  t r a c to r / t r u c k s  and eng ines , w h ile  th ose  f i r m s  
who noted g re a te r  in te re s t  w e re  in  b u s in e ss  a c t iv it ie s  such as a i r ­
c r a f t ,  eng ines , t r a c to r / t r u c k s  and m o to r . W ith  re s p e c t to  no change, 
the  f i r m s  w e re  fou nd  to  be in  e le c tro n ic s ,  t r a c t o r / t r u c k  and m is ­
ce lla n e o u s . O f in te re s t  the  f i r m s  re p o r t in g  le s s  s ta tu s  w e re  in  
b u s in e ss  a c t iv it ie s ,  a i r c r a f t ,  to o ls , m a ch in e  to o ls  and m o to r . O n ly  
one f i r m  re p o r te d  le s s  in te re s t  and th is  w as in  the  b u s in e s s  a c t iv it y  
o f m e d iu m  to  h e avy  e n g in e e rin g . T a b le  No; 7. 22 ag a in  e x h ib its  
a p p ro x im a te ly  th e  sam e o v e ra l l  p e rce n ta g e  re s u lts  b u t does so b y  
e m p lo ye e  s iz e  g ro u p s . T h e  16 f i r m s  re p o r t in g  in c re a s e d  s ta tu s  
am ong th e i r  o th e r  o p e ra to rs  a re  e v e n ly  sp re a d  f r o m  100 em p loyee  
s iz e  g roups  u p w a rd s , 6 f i r m s  a re  noted at th e  2, 000 to  4, 999 
e m p lo ye e  s iz e . W ith  th e  29 f i r m s  re p o r t in g  g re a te r  in te re s t ,  2 
em p loyee  s iz e  g roups  n a m e ly  100 to  1, 999 and 2, 000 to  4, 999, had 
the  m o s t n u m e ro u s  f i r m s  at 8 and 9 in  each c a te g o ry . O f the  80 
f i r m s  who no ted  no change, th e re  was aga in  a ro u g h  a ve ra g e  of 16 
f i r m s  p e r  em p lo ye e  s iz e  g ro u p in g  f r o m  100 e m p loyees  u p w a rd s .
T h e re  was n o th in g  s ig n if ic a n t about the  f i r m s  who re p o r te d  le s s  s ta tu s  
as th e y  w e re  show n in  s m a lle r  and la r g e r  s iz e  g ro u p s . A g a in  the  one 
f i r m  who re p o r te d  le s s  in te re s t  was in  the  1, 000 to  1, 999 em p loyee
s ize  g roup  and does not s ig n ify  any p a r t ic u la r  tre n d .
/ . , .  -4 1 0 -
7 ,9  -  O B S E R V E D  E F F E C T S  OF NEW  T E C H N O L O G Y  O N  A  L A R G E  
N U M B E R  O F  F IR M S  USING NEW  M E A S U R IN G  M A C H IN E  
T E C H N O L O G Y  IN  B R IT A IN  A N D  A M E R IC A .
T h e  o b je c tiv e  o f c h a p te r 7 was to  an a lyse  the  f in d in g s  f r o m  th e  la rg e  
f ie ld  s u rv e y  o f f i r m s  who w e re  u s in g  new m e a s u r in g  m a ch in e  te ch n o ­
lo g y . T o  a ch ie ve  th is ,  a la rg e  f ie ld  s u rv e y  w as m ade o f m a n u fa c tu r ­
in g  f i r m s  lo c a te d  in  b o th  B r i t a in  and A m e r ic a .  T h is  s u rv e y  w h ich  
c o n s is te d  o f a w r i t te n  q u e s t io n n a ire  had been d e s igned  to  s e rv e  a d u a l 
p u rp o se . T h e  q u e s tio n n a ire  had 2 s e c tio n s ; th e  f i r s t  s e c tio n  a p p lie d  
to  a l l  f i r m s  w h e th e r th e y  had new m e a s u r in g  m a c h in e  te ch n o lo g y  o r  
no t, and th e  second s e c tio n  c o v e re d  e x c lu s iv e ly  f i r m s  who had new 
m e a s u r in g  m a ch in e  e q u ip m e n t. C h a p te r 6 d is c u s s e d  th e  a n a ly s is  o f 
the  in t ro d u c to ry  o r  g e n e ra l s e c tio n  o f the  q u e s t io n n a ire  as responded  
to  b y  287 f i r m s ,  w h ile  th is  c h a p te r 7 e xa m ines  e x c lu s iv e ly  the  150 
f i r m s  in  th e  s u rv e y  who a c tu a lly  used new m e a s u r in g  m a ch in e s  in  
t h e i r  p la n ts . T h e  ev idence  f r o m  b o th  c h a p te rs  6 and 7 has to  be r e ­
v ie w e d  to g e th e r  in  o rd e r  to  m e a s u re  the  ex te n t o f im p a c t o r  e ffe c t on 
a l l  6 fa c to rs  o f th e  e n te rp r is e ,  as id e n t if ie d  in  th e  re sp o n se s  p re s e n t­
ed b y  287 f i r m s .
H o w e v e r, as c h a p te r 6 has a lre a d y  d e s c r ib e d  som e o f the  f in d in g s  
f r o m  the  f ie ld  s u rv e y , th is  c h a p te r w i l l  co m p le te  th e  o b s e rv a tio n s  in  
the  sam e m a n n e r. C h a p te r 8 w i l l  s u m m a r is e  not o n ly  the  con ­
c lu s io n s  f r o m  these  2 a fo re m e n tio n e d  c h a p te rs , b u t a ls o  the  f in d in g s  
f r o m  a l l  o th e r  c h a p te rs  in  th is  re s e a rc h  p ro je c t .  In  th e  m e a n tim e , 
th e  o b se rve d  e ffe c ts  o f new te c h n o lo g y  f o r  c h a p te r 7 on the  6 ke y  
fa c to rs  o f the  e n te rp r is e  n a m e ly , o rg a n is a tio n  s t ru c tu re ,  m a n age ­
m e n t, s tra te g ie s , m a ch in e  shop e n v iro n m e n t, c o n tro l s y s te m s  and 
peop le , the  h ig h lig h ts  a re  d is c u s s e d  as fo llo w s
O rg a n is a tio n  s t ru c tu re /m a n a g e m e n t /s t ra te g ie s /c o n tro l s y s te m s . 
T h e re  w as no s ig n if ic a n t ev ide nce  d e r iv e d  f r o m  th is  s e c tio n  o f e ffe c ts  
o f new te c h n o lo g y  on the  o rg a n is a tio n  s tru c tu re ,  m anagem ent, 
s tra te g ie s  and c o n tro l s y s te m s  fa c to rs  o f the  e n te rp r is e .
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M a ch in e  Shop E n v iro n m e n t.
T h e re  has been s u b s ta n tia l g ro w th  o f the  m e a s u r in g  m a ch in e  te c h n o ­
lo g y  s in ce  th e  m id d le  o f th e  1960s. 4 m a jo r  s u p p lie rs  tend  to
d o m in a te  th e  m a rk e t bu t new s u p p lie rs  a re  e n te r in g  th is  c u r r e n t ly  
expand ing  m a rk e t and th e re fo re  te ch n o lo g y  m ay  m o ve  to o  fa s t fo r  
som e to  re ta in  th e i r  p o s it io n  in  the  m a rk e t lea gue . C e r ta in  typ e s  o f 
b u s in e ss  a c t iv i t ie s  a re  m o re  in c lin e d  to  use m e a s u r in g  m a ch in e  te c h ­
n o lo g y  th an  o th e rs . T h e  com m on  fe a tu re  w ith  th e se  b u s in e ss  
a c t iv it ie s  is  th e  n a tu re  o f t h e i r  p ro d u c t w h ich  tends to  be la rg e , such   ^
as a i r c r a f t ,  t r a c to r s  and eng ines. E v id e n ce  f r o m  th e  s u rv e y  suggests  
th a t m e a s u r in g  m a ch in e  te ch n o lo g y  is  m o s t p o p u la r  w ith  f i r m s  
e m p lo y in g  b e tw ee n  2, 000 and 5, 000 e m p lo ye e s .
A c c u ra c y  was g ive n  as the  m o s t com m on  re a s o n  fo r  ch o ice  o f a 
p a r t ic u la r  typ e  o f m e a s u r in g  m a ch in e . H o w e ve r co s t com b in e d  w ith  
a c c u ra c y  a ls o  ra te d  h ig h ly  as m a jo r  re a so n s  f o r  a c q u is it io n  o f th is  
te c h n o lo g y . I t  w as o b se rve d  th a t B r i t is h  f i r m s  p la c e d  co s t as th e i r  
f i r s t  c r i t e r io n  f o r  a d e c is io n  on w h ic h  m a ch in e  to  p u rc h a s e , w h ile  
A m e r ic a n  based  f i r m s  tended  to  be m o re  co n ce rn e d  w ith  a c c u ra c y .
T h e  m o s t co m m on  s o u rc e  o f know ledge  about th e  new m e a s u r in g  m a ­
ch in e  te c h n o lo g y  cam e f r o m  the  te c h n ic a l p re s s  a lth o u g h  A m e r ic a n  
f i r m s  c la im e d  th a t th e ir  m a jo r  s o u rce  o f kno w ledge  was th e  a c tu a l 
s u p p lie rs  o f the  te c h n o lo g y . I t  was noted th a t th e  le a s t e ffe c t iv e  
s o u rc e  was the  h e a d q u a rte rs  o f each f i r m  w h e re  th e  lo c a t io n s  w e re  
in  d if fe re n t  g e o g ra p h ic  b ases .
P r io r  re s e a rc h  in  the  l i t e r a tu r e  w ou ld  suggest th a t one m e thod  fo r  
new te c h n o lo g y  g e tt in g  in to  f i r m s  cou ld  be th ro u g h  th e  m ig ra t in g  
e ffe c t o f s h o r t te r m  m a n a g e r ia l a p p o in tm e n ts  and th e  c a r r y in g  o f new 
te c h n o lo g ic a l data  f r o m  one a p po in tm e n t to  a n o th e r. T o  te s t th is  
th e o ry  p a r t  o f the  q u e s tio n  c o n c e rn in g  who was m o s t fa v o u ra b le  in  the  
f i r m  to w a rd s  a c q u ir in g  new m e a s u r in g  m a ch in e  te ch n o lo g y , was to  
e s ta b lis h  th e  s e rv ic e  y e a rs  o f th a t in d iv id u a l in  th e  f i r m .  I t  was 
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show n th a t th e  a ve ra g e  y e a rs  o f s e rv ic e  fo r  th is  p e rs o n  was 16 y e a rs  
thus  w eaken ing  the  th e o ry  th a t new te ch n o lo g y  is  passed  on to  f i r m s  
b y  in d iv id u a ls .  I t  was no ted  th a t the  h ig h e s t p e rce n ta g e  o f m a n ag e rs  
in  fa v o u r  o f the  m e a s u r in g  te c h n o lo g y  had a q u a li ty  c o n tro l d is c ip lin e  
w h ich  is  not to o  unexpected . On the  q u e s tio n  o f t im e  la g  to  get the  
new te c h n o lo g y  in to  the  f i r m  f r o m  the p o in t o f f i r s t  know le dg e , i t  was 
show n to  be tw o  and a h a lf  y e a rs  a p p ro x im a te ly . I t  was o b se rve d  
th a t o v e r 20 p e rc e n t o f the  u s e rs  o f the  m e a s u r in g  m a ch in e  te ch n o ­
lo g y  had not been in v o lv e d  in  any v is i t s  to  o th e r  u s e rs  o f m e a s u r in g  
m a ch in e s  p r io r  to  m a k in g  a d e c is io n  to  in v e s t.
P e o p le .
T h e  q u e s tio n  c o n c e rn in g  the  p ro b le m  o f in te g ra t io n  o f ta s k s  fo r  c ra f t  
in s p e c to rs  w ith  p ro d u c t io n  m a ch in e  o p e ra to rs  re s u lte d  in  an in c o n ­
c lu s iv e  re sp o n se  f r o m  the  150 u s e r  f i r m s ,  as 50 p e rc e n t w e re  a g a in s t 
th e  p ro p o s a l and 35 p e rc e n t f o r  the  p ro p o s a l.
T h e  q u e s tio n  o f in c re a s e d  in f lu e n c e  ga ined b y  th e  c r a f t  in s p e c to r  w ith  
th e  b e n e fits  o f the  new m e a s u r in g  m a ch in e s  show ed th a t le s s  th a n  
h a lf  o f the  150 f i r m s  re s p o n d in g  re p o r te d  a no change e ffe c t on the  
in s p e c tio n  in f lu e n c e , b u t the  ba la n ce  o f th e  f i r m s  d id  o b se rve  a 
change in  in f lu e n c e  due d ir e c t ly  to  th e  new te c h n o lo g y . T h e  f i r m s  
re p o r t in g  s ig n if ic a n t ly  in c re a s e d  in f lu e n c e  w e re  found  to  be e m p lo y ­
in g  2, 000 o r  m o re  peop le  and w e re  in v o lv e d  in  th e  m a n u fa c tu re  o f 
eng ines , t ru c k s  and m is c e lla n e o u s  ite m s . A p p ro x im a te ly  23 p e rc e n t 
o f the  f i r m s  in  the  s u rv e y  re p o r te d  an in c re a s e  in  p o w e r o f a u th o r ity  
as ga ined  b y  th e  c ra f t  in s p e c to r  o v e r the  p ro d u c tio n  s u p e rv is o r ,  bu t 
th e  b a la n ce  o f 77 p e rc e n t re p o r te d  a no change e ffe c t.
I t  was c o n s id e re d  th a t the  in tro d u c t io n  o f th e  m e a s u r in g  m a ch in e  
te ch n o lo g y  w o u ld  r e s u lt  in  a c lo s e r  w o rk in g  re la t io n s h ip  be tw een  the  
p ro d u c tio n  l in e  s u p e rv is o r  and the  c ra f t  in s p e c to r .  T h e  re sp on se s  
m ade b y  the  150 u s e r f i r m s  show ed th a t 62 f i r m s  o r  a p p ro x im a te ly  
44 p e rc e n t c o n s id e re d  th a t an im p ro v e m e n t in  re la t io n s h ip  had 
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deve loped , w h ile  the  ba lance  o f 56 p e rc e n t in d ic a te d  a no change 
s itu a tio n . T h e  p ro b le m  a s s o c ia te d  w ith  d e - s k i l l in g  o f th e  c ra f t  
in s p e c to r  due to  th e  in tro d u c t io n  o f new te ch n o lo g y , d id  not cause the  
in s p e c to r  to  becom e  d is s a t is f ie d  w ith  h is  a s s ig n m e n t a c c o rd in g  to  the  
re sp o n se s  f r o m  58 p e rc e n t o f the  f i r m s  in  the  s u rv e y . H o w e ve r 20 
p e rc e n t o f th e  f i r m s  w e re  un su re  o f the  e ffe c t and 22 p e rc e n t con ­
s id e re d  th e  c r a f t  in s p e c to r  had o r  w ou ld  indeed  becom e  d is s a t is f ie d  
w ith  h is  ta s k .
D oes new te c h n o lo g y  a ffe c t s ta tu s  and job  in te re s t  in  an in d iv id u a l 
w ith in  a m a n u fa c tu r in g  f i r m ?  E v id e n t ly  f r o m  the  re sp o n se s  ga ined  
f r o m  the  f ie ld  s u rv e y , s ta tu s  does in c re a s e  a lo n g  w ith  jo b  in te re s t  as 
52 p e rc e n t o f th e  f i r m s  o b se rve d  th is  e ffe c t on th e i r  c ra f t  in s p e c to rs  
(25 p e rc e n t o f th e  f i r m s  re p o r te d  an in c re a s e  in  jo b  in te re s t ) .  T h e re  
w e re  no re p o r ts  o f a re d u c t io n  o f s ta tu s  o r  job  in te re s t  b y  any o f the  
150 f i r m s  s u rv e y e d . A  ^ H a w th o rn - ty p e  e ffe c t was no ted  w ith  o th e r 
c ra f t  in s p e c to rs  w ho re m a in e d  on c o n v e n tio n a l m e a s u r in g  s y s te m s , as 
13 p e rc e n t o f the  f i r m s  o b se rve d  in c re a s e d  s ta tu s  w ith  the se  in s p e c t­
o rs  and 21 p e rc e n t o f th e  f i r m s  noted in c re a s e d  job  in te re s t .  I t  was 
a ls o  o b se rve d  th a t a lm o s t 4 p e rc e n t o f the  f i r m s  who no ted  a fe e lin g  
o f le s s  s ta tu s  and one f i r m  re p o r te d  le s s  job  in te re s t  s in c e  th e  
in t ro d u c t io n  o f new m e a s u r in g  m a ch in e  te ch n o lo g y  to  th e  f i r m .
*  H a w th o rn : P ro m  the  s tu d ie s  o f E lto n  M ayo  a t th e  H a w th o rn  W o rk s  
o f G e n e ra l E le c t r ic ,  C h icago , U .S .A .  (60)
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CONNECTING SUMMARY
o C h a p te r 7 in v e s t ig a te d  the  e n v iro n m e n t o r  th e  te ch n o lo g y  used b y  
150 f i r m s  w ith in  20 d if fe re n t  m a n u fa c tu r in g  in d u s tr ie s .  T h e  
f in d in g s  show ed th a t c e r ta in  typ e s  o f b u s in e ss  a c t iv it ie s  had a 
g re a te r  p ro p e n s ity  to  use m e a s u r in g  m a ch in e s  th a n  o th e rs , these  
a c t iv it ie s  tended  to  be m o re  a s s o c ia te d  w ith  la rg e  p ro d u c ts  p r o ­
duced in  a s m a ll  b a tc h  typ e  o f p ro d u c tio n  s y s te m . In  a d d itio n , i t  
w as show n th a t f i r m s  o f a s p e c if ic  em p lo ye e  s iz e  ra n g e  had m o re  
m e a s u r in g  m a ch in e s  in  use than  o th e rs .
o O b s e rv a tio n s  on re a s o n  f o r  ch o ice  of p a r t ic u la r  te ch n o lo g y  and 
th e  m a n n e r b y  w h ic h  i t  was ob ta ined  b y  th e  f i r m ,  w e re  show n to  
have co m m on  bases f r o m  one f i r m  to  a n o th e r.
o O th e r f in d in g s  on how th is  te c h n o lo g y  a ffe c te d  pe op le  p ro v id e d  
e v iden ce  on chang ing  re la t io n s h ip s , c o n c e rn  fo r  d e - s k i l l in g ,  
changes in  s ta tu s  and job  in te re s t  am ong o th e r b e h a v io u ra l 
e ffe c ts  on peop le .
o C h a p te r 8 is  th e  co n c lu d in g  c h a p te r o f th is  re s e a rc h  p ro je c t  and 
i t  a tte m p ts  to  d ra w  to g e th e r  th e  fin d in g s  f r o m  the  o v e ra l l  w o rk . 
S im ila r  to  the  in t ro d u c to ry  c h a p te r, th is  f in a l  c h a p te r d e ta ils  the  
f in d in g s  b y  re la t in g  th e m  to  each o f the  6 fa c to rs  o f the  e n te r ­
p r is e  n a m e ly , o rg a n is a tio n  s t ru c tu re ,  m an ag em ent, s tra te g ie s , 
m a ch in e  shop e n v iro n m e n t, c o n tro l s y s te m s  and peop le . T he  
o b je c tiv e s  o f th is  th e s is  a re  re ite ra te d ,  the  a p p ro a ch  used fo r  
the  in v e s t ig a t io n , c o n c lu s io n s  fo r  m a n u fa c tu r in g  in d u s try  and 
f in a l ly ,  g e n e ra l re c o m m e n d a tio n s .
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Chapter 8 - D iscussions and Conclusions,
8 .1  - T H E  O B J E C T IV E  O F T H IS  C H A P T E R .
T h e  o b je c tiv e  o f c h a p te r 8 is  to  s u m m a r is e  the  d is c u s s io n s  and con ­
c lu s io n s  o f th is  re s e a rc h  th e s is . T h e  o r ig in a l o b je c tiv e s  o f th is  w o rk  
w e re  as fo llo w s
1. T o  in v e s t ig a te  th e  p ro b le m s  a s so c ia te d  w ith  th e  in tro d u c t io n  of 
s p e c if ic  new  te ch n o lo g y  in to  m a n u fa c tu r in g  in d u s try .
2. T o  d e r iv e  and e va lua te  c o n s tru c t iv e  c o n c lu s io n s  f r o m  th is  
in v e s t ig a t io n  w h ic h  w ou ld  be o f a sound c o n tr ib u t io n  to  m a n u ­
fa c tu r in g  in d u s try .
T h e  m o t iv a t io n  f o r  th is  re s e a rc h  was in  the  b e lie f  th a t new te ch n o lo g y  
in tro d u c e d  to  m a n u fa c tu r in g  in d u s try  was h a v in g  an im p a c t and e ffe c t 
on 6 m a jo r  fa c to rs  o f th e  e n te rp r is e  and th a t l im i te d  p r io r  re s e a rc h  
on th is  s u b je c t re v e a le d  a need f o r  such re s e a rc h  w o rk  at th is  t im e .
R ecen t re p o r ts  f r o m  th e  m e d ia  and f r o m  som e l im i te d  p r io r  re s e a rc h  
suggest th a t s e r io u s  p ro b le m s  a re  b e g in n in g  to  e m e rg e  in  in d u s try  
due to  th e  in t ro d u c t io n  o f new te c h n o lo g ie s . M o s t o f th e se  co n ce rn s  
re la te  to  e m p lo y m e n t o f peop le  e ith e r  in  te rm s  o f u n e m p lo ym e n t 
c re a te d  b y  re d u n d a n cy  o r  m a s s iv e  s h if ts  in  e m p lo y m e n t due to  
changes in  s k i l l  and know ledge  re q u ire m e n ts . O th e r  co n ce rn s  re la te  
to  a need fo r  B r i t i s h  in d u s try  to  re m a in  c o m p e t it iv e  w ith  o th e r 
m a n u fa c tu r in g  c o u n tr ie s  b y  co n tinuo us  in v e s tm e n t in  th e se  new te c h ­
n o lo g ie s  and the  a ch ie ve m e n t o f o p tim u m  le v e ls  o f p ro d u c t iv i ty  
th ro u g h  th e  e ffe c t iv e  u t i l is a t io n  o f such new te c h n o lo g ie s  w ith in  
m a n u fa c tu r in g  in d u s try .
M o s t o f the  re p o r ts  and th e  a ssu m p tio n s  on the  consequences o f new 
te c h n o lo g ie s  in  m a n u fa c tu r in g  and o th e r in d u s tr ie s  have been m ade 
on a n a tio n a l s ca le  o r  m a c ro -e c o n o m ic  b a s is . E v id e n t ly  fo r  any 
changes to  be m ade a t n a tio n a l le v e l,  th e re  have to  be the  sam e o r  
s im i la r  changes m ade and o b se rve d  at th e  m ic ro -e c o n o m ic  o r  p la n t 
le v e l o f the  e n te rp r is e .
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I t  is  to  th is  la t t e r  a s s u m p tio n  th a t th is  th e s is  has a d d re sse d  i t s e l f  by- 
re s e a rc h in g  th e  p ro b le m s  a ss o c ia te d  w ith  new te ch n o lo g y  as i t  is  
in tro d u c e d  and u t i l is e d  by  f i r m s  in  v a r io u s  type s  o f m a n u fa c tu r in g  
a c t iv it ie s .  H a v in g  ga ined fu r th e r  know ledge  and u n d e rs ta n d in g  of 
th e  consequences of new  te c h n o lo g ie s  at the  e n te rp r is e  o r  p la n t le v e l 
th ro u g h  th e  re s u lts  o f th is  re s e a rc h , i t  is  th e re fo re  assum ed  th a t 
the se  consequences w i l l  e q u a lly  a p p ly  a t n a tio n a l le v e ls .
T w o  s p e c if ic  new te c h n o lo g ie s  w e re  se le c te d  as a v e h ic le  to  te s t the  
v a l id i t y  o f th e  above a s s u m p tio n s . T h e se  te c h n o lo g ie s  w e re  in  the  
m a in  used b y  m a n u fa c tu r in g  in d u s try  a lthough  o th e r  a u th o r it ie s  such 
as g o v e rn m e n t, re s e a rc h  and deve lo p m en t and te c h n o lo g ic a l 
in s t itu t io n s  a ls o  m ade l im i te d  use o f th is  e q u ip m e n t. T h e  f i r s t  o f 
the se  new te c h n o lo g ie s  to  be in v e s t ig a te d  was the  n u m e r ic a l 
c o n tro lle d  (N. C. ) m a ch in e  to o l, w h ic h  a lth o u g h  h a v in g  been a fe a tu re  
o f som e m o d e rn  m a ch in e  shops s in ce  the  la te  1950s, i ts  im p a c t is  
o n ly  now b e in g  fe l t  in  in d u s try .  ’T h e  re a so n  f o r  th is  r e la t iv e ly  s lo w  
d e ve lo p m e n t has been in  th e  m a in  tw o - fo ld .  F i r s t l y ,  the  e a r ly  
u n r e l ia b i l i t y  o f the  e le c tro n ic  c o n tro l e q u ipm en t w h ic h  m ade m a n u ­
fa c tu r in g  m a nagem ent a p p re h e n s ive  about in v e s tm e n t and se co n d ly , 
th e  e v o lu t io n a ry  n a tu re  o f the  in t ro d u c t io n  o f N. C . , m a ch in e  to o ls  
re s u lte d  in  a m e rg in g  e ffe c t w ith  c o n v e n tio n a l m a ch in e  to o ls  and 
s y s te m s , thus  m in im is in g  any m a jo r  e ffe c t o r  im p a c t on any 
p a r t ic u la r  fa c to r  o f the  e n te rp r is e .
T h e  second new te ch n o lo g y  in v e s t ig a te d  in  th is  th e s is  is  th a t o f the  
c o -o rd in a te  m e a s u r in g  m a ch in e  o r  C M M . S im ila r  to  the  n u m e r ic a l 
c o n tro lle d  m a ch in e  to o l,  th is  new te ch n o lo g y  is  used p r im a r i ly  by  
m a n u fa c tu r in g  in d u s try  bu t u n lik e  the  N. C. , m a c h in e  to o l, i t  is  not 
c e n tra l to  the  m a n u fa c tu r in g  o r  m e ta lc u tt in g  a c t iv it ie s  o f the  f i r m .
I t  is  in  fa c t on the  f r in g e  o f the  m a ch in e  shop p e r fo rm in g  a 
m e a s u re m e n t ta s k  on the  p e r fo rm a n c e  o f these  c e n tra l m e ta lc u tt in g  
m a ch in e  to o ls . T h e  re s e a rc h  in to  the  e ffe c ts  o f th is  C M M  te ch n o lo g y  
th e re fo re  have to  a p p ly  to  s p e c if ic  e le m e n ts  w ith in  the  e n te rp r is e  
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such  as the  o rg a n is a t io n  o f q u a li ty  c o n tro l and in s p e c tio n . T h e  
a fo re m e n tio n e d  N. C . , te c h n o lo g y  b e in g  o f a la r g e r  f ra m e  o f r e f e r ­
ence has had e ffe c ts  on the  w ho le  e n te rp r is e  and th is  was re s e a rc h e d  
f r o m  th is  a sp ec t.
T o  m ee t th e  re q u ire m e n ts  o f the  f i r s t  o b je c tiv e  o f th is  re s e a rc h  
th e s is , a m o d e l o f the  e n te rp r is e  was d e v ise d  to  show  the ca u sa l 
l in k in g  re la t io n s h ip  be tw een  the  new te ch n o lo g ie s  and 6 ke y  fa c to rs  o f 
the  f i r m  o r  e n te rp r is e .  T h is  th e s is  a rg u e d  th a t th e  in tro d u c t io n  o f 
these  new te c h n o lo g ie s  w ou ld  have an e ffe c t on th e se  fa c to rs  w h ich  
w o u ld  r e s u lt  in  a d e g re e  o f change w ith in  the  e le m e n ts  o f these  
fa c to rs .
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8. 2 - THE INVESTIGATION OF THE PROBLEMS.
T h e  in v e s t ig a t io n  p ro c e s s  w h ich  was used in  th is  re s e a rc h  th e s is  to  
d e te rm in e  th e  p ro b le m s  a ss o c ia te d  w ith  the  in t ro d u c t io n  o f new te c h ­
n o lo g ie s  in to  m a n u fa c tu r in g  in d u s try  had the  fo l lo w in g  5 s te p s :-
o In v e s t ig a t io n  o f the  s in g le  m a n u fa c tu r in g  p la n t on the  im p a c t and
e ffe c ts  o f n u m e r ic a l c o n tro lle d  m a ch in e  to o ls .
o In v e s t ig a t io n  o f a s in g le  m a n u fa c tu r in g  p la n t on th e  im p a c t and
e ffe c ts  o f c o -p rd in a te  m e a s u r in g  m a ch in e  te c h n o lo g y .
o In v e s t ig a t io n  o f a m u lt in a t io n a l o rg a n is a tio n  o f 23 m a n u fa c tu r in g
p la n ts  on th e  im p a c t and e ffe c t o f c o -o rd in a te  m e a s u r in g  m a ch in e  
te ch n o lo g y ,
o In v e s t ig a t io n  o f 287 m a n u fa c tu r in g  f i r m s  u s in g  and no t u s in g  co ­
o rd in a te  m e a s u r in g  m a ch in e s  to  a s c e r ta in  d if fe re n c e s  in  the  6 
fa c to rs  o f the  e n te rp r is e  fo r  the se  f i r m s .
o In v e s t ig a t io n  o f 150 m a n u fa c tu r in g  f i r m s  on the  im p a c t and e ffe c t
o f c o -o rd in a te  m e a s u r in g  m a ch in e  te c h n o lo g y .
T h e  p ro b le m s  id e n t if ie d  b y  these  in v e s t ig a tio n s  a re  s u m m a r is e d  
u n d e r each o f th e  head ings o f the  6 fa c to rs  id e n t if ie d  w ith  the  e n te r ­
p r is e  in  th is  re s e a rc h  th e s is .
O rg a n is a tio n  S tru c tu re .
o E x is t in g  o rg a n is a t io n  s tru c tu re s  cannot s u p p o rt new te ch n o lo g ie s  
e f fe c t iv e ly  w ith o u t som e fo r m  o f re s t r u c tu r in g .
o In fo rm a l lin e s  o f c o m m u n ic a tio n  and a u th o r ity  w i l l  e m e rg e  as an 
e x p re s s io n  to  m e e t th e  g ro w in g  needs o f new te c h n o lo g y  un less 
som e p lanned  m e ch a n ism s  a re  in tro d u c e d  to  fo rm a lis e  the  
s y s te m .
o H ie r a r c h ic a l  le v e ls  w i l l  in c re a s e  thus c re a t in g  t a l le r  p y ra m id s . 
New te c h n o lo g ie s  w e re  found  to  fo s te r  m u lt ip le  le v e ls  r a th e r  th a n  
re d u ce  th e m  n u m e r ic a lly .
o E x is t in g  w o rk  f lo w  d is c ip lin e s  w i l l  have to  be changed to
a cco m m o d a te  new te c h n o lo g ie s ; th is  in  tu rn  w i l l  le a d  to  fu r th e r  
changes in  p la n t le v e l s y s te m s .
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Management.
o D iv is io n  o f la b o u r  th ro u g h  changes in  p o s it io n  t i t le s  w i l l  r e s u lt
in  fe w e r  h ig h e r  le v e l a d m in is tra t io n  ta sks  and fe w e r  s ta f f  
a p p o in tm e n ts .
o F i r s t  l in e  s u p e rv is io n  is  b e in g  re d u ce d  to  d u tie s  o f m an  m anage ­
m e n t.
o S e n io r m anagem ent tend  to  r e s is t  new te c h n o lo g y  th ro u g h  a fe a r
o f not o b ta in in g  a r e tu r n  on in v e s tm e n t.
o M id d le  m anag em en t te nd  to  r e s is t  new te c h n o lo g y  due to  la c k  o f
accep tance  o f r e s p o n s ib i l i t ie s ,  c la im s  o f u n r e l ia b i l i t y  w ith  
e le c t ro n ic s ,  fe a r  o f d isp u te s  w ith  t ra d e  un ions on m a n n in g  o f 
m a ch in e s  and a re lu c ta n c e  to  s top  u s in g  f a m i l ia r  s y s te m s .
S tra te g ie s ,
o O b je c tiv e s  such as p ro d u c t s ta n d a rd is a tio n  c o n f l ic ts  w ith  th e  need
fo r  new te ch n o lo g y .
o L o w  v o lu m e  ou tpu t o f h ig h  v a lu e  com ponents  co u p le d  w ith
r e la t iv e ly  lo w  la b o u r  co s ts  c o n s tra in s  the  need f o r  new te ch n o lo g y .
o T r a in in g  o f in -h o u s e  m a in te n a n ce  and re s u lt in g  w age c la im s  fo r
h ig h e r  s k i l ls  a ppea r to  be h a p h a z a rd ly  o rg a n is e d .
o New te c h n o lo g ie s  a re  c re a t in g  needs fo r  new s k i l ls  and kn o w ­
led ge  w h ic h  a p pea rs  to  be g e tt in g  s c a rc e r .
o F i r m s  in  c e r ta in  typ e s  o f b u s in e ss  a c t iv it ie s  have been show n to
be le s s  e ffe c t iv e  w ith  new te ch n o lo g y  th a n  o th e r b u s in e ss  
a c t iv i t ie s ,
o A  la rg e  n u m b e r o f f i r m s  have no p re p a re d  p la n s  fo r  peop le  d is ­
p la c e m e n t due to  th e  e ffe c ts  o f new te c h n o lo g ie s .
M a ch in e  Shop E n v iro n m e n t,
o F ir m s  w h ic h  fo llo w e d  a p o lic y  o f w id e  s e le c t io n  of d if fe re n t  new 
te c h n o lo g ie s  r a th e r  th a n  s ta n d a rd is in g  th e i r  p ro c e s s e s  c re a te d  
p ro b le m s  w ith  m a in ten a n ce  and re p la c e m e n t p a r ts ,
o E a r ly  m o d e ls  of n u m e r ic a l c o n tro lle d  m a ch in e  to o ls  had
u n re lia b le  e le c t ro n ic  c o n tro ls ; th is  in  c o n ju n c tio n  w ith  p o o r 
b a c k -u p  s e rv ic e  f r o m  s u p p lie rs  o f the  new te c h n o lo g y , re s u lte d  
in  v e r y  lo w  e ff ic ie n c ie s ,
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o A  fa s te r  ra te  o f g ro w th  o f new te c h n o lo g y  in  a f i r m  appea rs  to  
have g re a te r  im p a c t and e ffe c t on a l l  o f the  fa c to rs  o f the  e n te r ­
p r is e  to  the  de g re e  th a t d is ru p t iv e  e ffe c ts  m a y  o u tw e ig h  the  
advan tages ga ined  at le a s t in  the  s h o r t te rm .
o Inadequa te  p re -p la n n in g , p re - in v e s t ig a t io n  and id e n t if ic a t io n  o f 
re a l  needs le a d in g  to  u n d e r -u t i l is a t io n  o f new eq u ip m e n t a p p e a r­
ed to  be co m m on  to  m a n y  f i r m s .
C o n tro l S ys te m s .
o P o o r  r e tu r n  on in v e s tm e n ts  fo r  new te c h n o lo g ie s  w as o b se rve d  
due to  no adequate  te a m w o rk , p o o r t r a in in g  o f b o th  o p e ra to rs  and 
p la n n e rs , no c o m m u n ic a tio n  be tw een  com ponen t d e s ig n e r and 
N. C . , p la n n e r, p o o r to o lin g  and m a in te n a n ce , and o th e r re la te d  
fa c to rs .
P e o p le .
o In te r -u n io n  c o n f l ic ts  a r is e  due to  s h if ts  in  know le dge  r e q u ir e ­
m e n ts  f r o m  fa c to r y  b lu e  c o l la r  to  o ff ic e  w h ite  c o l la r .
o C o n f lic ts  a re  o b se rve d  be tw een  th e  d e s ire s  o f th e  n a tio n a l tra d e
un ion  p o lic ie s  on new te c h n o lo g y  and the  p la n t le v e l t ra d e  un ion  
a s p ira t io n s  fo r  th e ir  m e m b e rs .
o M is t im in g  o f c o m m u n ic a tio n  o f new te ch n o lo g y  to  tra d e  un ions
leads to  d is ru p t io n  in  the  e n te rp r is e .
o W age d if fe re n t ia t io n  and changes in  m a n n in g  due to  new te c h n o ­
lo g y  s k i l l  and know ledge  re q u ire m e n ts  c re a te s  d is h a rm o n y  and 
d is s a t is fa c t io n  am ong c ra f t  em p loyees a t p la n t le v e ls .
o T ra d e  un io n  o f f ic ia ls  a t p la n t le v e l a re  m is le d  b y  sa le s  l i t e r a ­
tu re  o f new te ch n o lo g y  w h ic h  in fe rs  la b o u r  re d u c t io n  and fe w e r  
p ro b le m s  fo r  m anagem e nt,
o C ra f ts m e n 's  m a jo r  fe a r  o f new te ch n o lo g y  is  re la te d  to  lo s s  of 
in t r in s ic  jo b  s a t is fa c t io n  and job  s ta tu s ; th is  co u ld  s lo w  down the  
in t ro d u c t io n  o f o th e r  new te c h n o lo g ie s .
o E m p lo y e e s  not a ss ig n e d  to  new te ch n o lo g ie s  a re  co n ce rn e d  about 
job  s e c u r ity .
o S h ifts  in  in f lu e n c e  and p o w e r due to  the  s k i l l  and know ledge
re q u ire m e n t o f new te ch n o lo g y  a re  fo rc in g  changes in  in t e r ­
p e rs o n a l and in te r -g ro u p  re la t io n s h ip s .
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o C ra fts m e n  have o n ly  I n i t ia l  fe a r  o f new te c h n o lo g y  and th is  is  
n o rm a lly  re la te d  to  the  te c h n ic a l it ie s  o f the  new s y s te m s , b u t 
fu r th e r  d e - s k i l l in g  and re d u c t io n  in  re q u ire d  kn ow le dge  cou ld  
a lso  c o n s tra in  the  advance o f new te c h n o lo g ie s ,
o T a s k s  in te g ra te d  b y  new te ch n o lo g y  co u ld  le a d  to  a lie n a t io n
be tw een  th e  c ra fts m e n  f r o m  d if fe re n t  c ra f ts  d ir e c t ly  a ffe c te d  b y  
the  in te g ra t io n .
o A lth o u g h  th e re  was l i t t l e  ev iden ce  o f re s is ta n c e  to  new te ch n o ­
lo g ie s  in  any o f th e  re s e a rc h  f in d in g s , i t  w as show n th a t c r a f t s ­
m e n  w o u ld  r e s is t  changes f o r  th e  fo llo w in g  m a jo r  re a s o n s :- 
p ro te c t io n  o f s k i l ls  and know ledge , g e n e ra l fe a r  o f change, 
p ro te c t io n  o f s ta tu s  and th e  avo idance  o f h a v in g  to  change o th e r 
s y s te m s .
T h e  in v e s t ig a t io n  o f th e  p ro b le m s  a s so c ia te d  w ith  th e  in t ro d u c t io n  o f 
the  tw o  s p e c if ie d  new te c h n o lo g ie s  in to  m a n u fa c tu r in g  in d u s try  w e re  
show n to  re v e a l p a r a l le l  f in d in g s  in  a l l  o f the  f iv e  s te p s . In  th e  s in g le  
m a n u fa c tu r in g  p la n t p i lo t  s tudy , i t  was show n th a t o rg a n is a t io n a l 
s t r u c tu r a l  p ro b le m s  e x is te d  in  b o th  the  s e n io r  le v e ls  w ith  th e  N. C . , 
te c h n o lo g y  and in  th e  lo w e r  le v e l s t ru c tu re  o f th e  in s p e c tio n  fu n c tio n  
f o r  the  m e a s u r in g  m a ch in e  te c h n o lo g y . T h e  m a in  d if fe re n c e  in  the  
p ro b le m  la y  in  the  m a g n itu d e  o f th e  p re s s u re s  e x e rte d  b y  the  new 
te c h n o lo g ie s .
In  a s im i la r  w ay  i t  w as show n th a t the  c ra fts m e n  in  th e  s tu d y  o f the  
m u lt in a t io n a l p la n ts  e x h ib ite d  the  sam e type  o f c o n c e rn  f o r  the  co n ­
sequences o f new m e a s u r in g  m a ch in e  te ch n o lo g y  in  te rm s  o f lo s s  o f 
in t r in s ic  job  s a t is fa c t io n  and job  s ta tu s , as d id  th e  c ra fts m e n  in  the  
m a jo r  f ie ld  s tu d y  o f 150 f i r m s  u s in g  new m e a s u r in g  m a ch in e s .
On th e  b a s is  o f th e se  re s u lts  ob ta in e d  f r o m  the  5 s teps  o f th is  r e ­
s e a rc h  th e s is , i t  is  c o n s id e re d  th a t th e  p ro b le m s  a s s o c ia te d  w ith  th e  
in tro d u c t io n  o f s p e c if ic  new te c h n o lo g y  in to  m a n u fa c tu r in g  in d u s try  
have been c le a r ly  id e n t if ie d  in  th is  p ro je c t.
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8 . 3 -  T H E  C O N T R IB U T IO N  O F T H IS  R E S E A R C H  A N D  T H E  
IM P L IC A T IO N S  T O  M A N U F A C T U R IN G  IN D U S T R Y .
T h e  second m a jo r  o b je c tiv e  o f th is  th e s is  w as as fo l lo w s : -
T o  d e r iv e  and eva lu a te  c o n s tru c t iv e  c o n c lu s io n s  f r o m  th is  
in v e s t ig a t io n  w h ic h  w o u ld  be o f sound c o n tr ib u t io n  to  
m a n u fa c tu r in g  in d u s try .
T h e  p ro b le m s  p re v io u s ly  d is c u s s e d  in  th is  c h a p te r, a s s o c ia te d  w ith  
new te c h n o lo g y  as i t  is  in tro d u c e d  in to  m a n u fa c tu r in g  in d u s try ,  a re  
o n ly  now b e g in n in g  to  have s e r io u s  im p a c t and e ffe c t on th e  f i r m s  at 
p la n t le v e l.  Up u n t i l  the  la s t  f iv e  y e a rs , te ch n o lo g y  as de fine d  in  
th is  th e s is  and in  te rm s  o f th e  m a n u fa c tu r in g  m a ch in e  shop, has been 
chang ing  a t s lo w  enough a pace fo r  u s e rs  to  adap t, acce p t and a b s o rb , 
w ith o u t m a jo r  ca ta s tro p h e s  h u r t in g  the  e n te rp r is e .  Indeed  th e  con ­
f l i c t s ,  i f  any, w h ic h  have a r is e n , w e re  co n ce rn e d  w ith  g ra d in g  o f 
s k i l l ,  w age c la im s  fo r  p h y s ic a l hand s k i l ls  and u n h e a lth y  o r  d a n g e r­
ous w o rk . T o d a y  and w ith o u t doubt in  th e  n e a r fu tu re ,  in d u s try  in  
g e n e ra l and th e  m a ch in e  shop in  p a r t ic u la r ,  a re  now fa c in g  a m uch  
a c c e le ra te d  ra te  o f te c h n o lo g ic a l change.
T h e  d ile m m a  fa c in g  b u s in e ss  le a d e rs  w i l l  on the  one hand be the  ta s k  
o f c o n t in u a lly  m a in ta in in g  s u c c e s s fu l e n te rp r is e s  b y  m a x im is in g  th e  
r e tu r n  on a sse ts  and re m a in in g  p ro f i ta b le ,  w h ile  on th e  o th e r , 
se e k in g  to  m in im is e  the  consequences o f in t ro d u c in g  new te c h n o lo g ie s  
in to  t h e i r  p la n ts . T h e  consequences o f the  new te c h n o lo g ie s  have 
a lre a d y  been d is c u s s e d , th e re fo re  i t  is  in tend ed  in  th is  f in a l  s e c tio n , 
to  d is cu ss  th e  m o s t c o n s tru c t iv e  c o n tr ib u tio n s  w h ic h  can be d ra w n  
f r o m  th is  re s e a rc h  p ro je c t .
T h e  s ix  fa c to rs  o f th e  e n te rp r is e  as p re s e n te d  in  the  m o d e l g ive n  in  
F ig u re  N o: 1 ,1 , and d e fin e d  in  the  in t ro d u c to ry  c h a p te r  1, w e re  as 
fo l lo w s : -  o rg a n is a t io n  s tru c tu re ,  m anagem ent, s tra te g ie s ,  m a ch in e  
shop e n v iro n m e n t, c o n tro l s y s te m s  and peop le . T h e se  fa c to rs  a re  
now d iscu sse d  in  te rm s  o f th e  c o n tr ib u t io n  and th e  a rg u m e n t o f th is
th e s is . .4 2 4 -
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Organisation Structure,
O rg a n is a tio n  s tru c tu re s  have to  ta ke  cogn isance  o f th e  new te c h n o ­
lo g ie s  b y  e s ta b lis h in g  (1) a c o m p le te  new s t r u c tu r a l  f ra m e w o rk , (2) 
chang ing  the  te ch n o lo g y  i t s e l f  to  adapt i t  to  th e  e x is t in g  s tru c tu re ,
(3) c re a t in g  a m o d u la r  s t ru c tu re  s y s te m  w h ic h  is  f le x ib le  enough to  
a cco m m o d a te  i t s e l f  in to  th e  o v e ra l l  s t ru c tu re  w ith o u t a ffe c t in g  any of 
th e  o th e r  e s ta b lis h e d  s y s te m s , and (4 ) s e tt in g  up a m e c h a n is m  w ith in  
the  e s ta b lis h e d  s t ru c tu re  w h ic h  w i l l  m ee t the  c o m p le te  re q u ire m e n ts  
o f the  new te c h n o lo g ie s . T h e  w o rk  o f C happie  and S ayles (28) is  
im p o r ta n t to  th is  end p ro p o s in g  th a t the  o rg a n is a tio n  shou ld  be co n ­
s tru c te d  f r o m  th e  bo tto m  u p w a rd s , b a s in g  the  o rg a n is a tio n  on the  
a c tu a l f lo w  and s u p e r im p o s in g  th e  s t ru c tu re  on a know n te ch n o lo g y .
M uch  o f th e  e v idence  to  s u p p o rt the  above a rg u m e n t com es f r o m  the  
o b se rve d  changes in  l in e s  o f a u th o r ity  bo th  d ir e c t  and fu n c t io n a l w h ich  
has been  a cco m p a n ie d  b y  a s h if t  in  the  d e c is io n -m a k in g  p ro c e s s  at the  
o p e ra tio n a l le v e l o f the  p la n t. A u th o r ity  and r e s p o n s ib i l i ty  a re  m o v ­
in g  aw ay  f r o m  f i r s t  l in e  m anagem ent to w a rd s  the  lo w e r  s ta tu s  o ff ic e  
s ta f f  fu n c tio n s  because  th e  kno w ledge  o f th e  te c h n o lo g y  is  in  th is  a re a . 
Indeed th e  b lu e  c o l la r  o p e ra to r  o f the  new te c h n o lo g y  be i t  n u m e r ic a l 
c o n tro l (N. C. , ) m a ch in e  to o ls  o r  c o -o rd in a te  m e a s u r in g  m a ch in e , is  
c le a r ly  m o re  dependent upon th e  w e e k ly  p la n n e r and v ic e -v e rs a  than  
each o f th e m  a re  on th e i r  re s p e c t iv e  l in e  s u p e r io rs .  T h e  c r i t i c a l  
o b je c tiv e  is  one o f e ffe c tiv e n e s s  and as B h a tta c h a ry y a  (22) has shown, 
v e ry  fe w  B r i t i s h  u s e rs  o f N. C . , e q u ipm en t a re  even g e ttin g  60 p e r ­
cen t u t i l is a t io n  f o r  a n u m b e r o f re a son s  bu t am ong th e m  is  p o o r 
o rg a n is a tio n  s t ru c tu re .  B u rn s  and S ta lk e r 's  (17) w e ll- re n o w n e d  w o rk  
on o rg a n ic  and m e c h a n is t ic  o rg a n is a tio n  s tru c tu re s  tends to  be so m e ­
w ha t dated as re g a rd s  th e  needs of new te c h n o lo g ie s . T h e  concep t of 
th e  o rg a n ic  m o d e l w ith  no c le a r ly  d e fined  h ie r a r c y  and c o n tin u a l r e ­
d e f in it io n  o f ro le s  and hence a la c k  of fo r m a l job  t i t l e  m aybe  s u ita b le  
f o r  re s e a rc h  in s t itu t io n s  b u t c e r ta in ly  not f o r  a m a n u fa c tu r in g  p la n t. 
T h is  re s e a rc h  a rg u e s  th a t fo r m a l i t y  m u s t be g iv e n  to  in fo r m a l 
o rg a n is a tio n  and th a t in fo rm a t io n  lin e s  la t e r a l ly  m u s t be s tre n g th e n e d  
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and not le f t  lo o s e  even to  the  e x ten t o f in tro d u c in g  fu r th e r  new te c h ­
n o lo g ie s  such as v is u a l d is p la y  te rm in a ls .  T h is  is  not to  suggest a 
fre e z in g  o f a u th o r ity  o r  d e c is io n -m a k in g  b y  fo rm a lis a t io n  bu t m o re  
so a g re a te r  em p ha s is  and s u p p o rt a t the  p o in t w h e re  th e  m o s t 
e x p e rt know ledge  and s k i l l  is  re q u ire d  to  in c re a s e  u t i l is a t io n  o f the 
te c h n o lo g y .
E n te rp r is e s  w ith  m u lt i- p la n t  a n d /o r  m u lt in a t io n a l p la n t lo c a t io n s  have 
to  c o n s id e r  th e  im p o r ta n t p ro b le m s  o f d u p lic a te d  o rg a n is a t io n  s t r u c t ­
u re s  and s e rv ic e s . E s ta b lis h m e n t of c e n tra l s e rv ic e s  o r  exchange of 
in fo rm a t io n  n e c e s s ita te s  th e  c re a t io n  o f s tre n g th e n e d  fu n c t io n a l l in e  
o f a u th o r ity  and in fo rm a t io n  f lo w  lin e s  fo r  e ffe c t iv e  c o m m u n ic a tio n , 
a l l  s u p e r im p o s e d  on the  e x is t in g  d ire c t  l in e s  o f a u th o r ity  and l in e  
m an agem ent s t ru c tu re  w ith in  th e  p la n t.
On th e  q u e s tio n  o f p y ra m id  shapes fo r  o rg a n is a tio n  s tru c tu re s ,  i t  is  
im p lie d  f r o m  the  f in d in g s  o f th is  re s e a rc h  th a t new te c h n o lo g ie s  
a p pe a r to  fo s te r  m u lt ip le  le v e ls  o f h ie ra rc h y .  I t  w as c le a r  f r o m  the  
ev idence  o f th e  s tu d y  o f 50 o rg a n is a tio n  s tru c tu re s  th a t the  span o f 
c o n tro l f o r  the  m o s t s e n io r  le v e l o f a d m in is tra t io n  tended  to  be 
s m a lle r  f o r  f i r m s  w ith  new m e a s u r in g  m a ch in e s  co m p a re d  to  those  
f i r m s  w ith o u t. T h e re fo re  b y  consequence the  f i r m s  w ith  new te ch n o ­
lo g y  te n d  to  have t a l le r  and n a r ro w e r  p y ra m id s , a lth ou g h  i t  was a lso  
found th a t f i r m s  w ith  new te ch n o lo g y  had m o re  s e c tio n s  a t the  lo w e s t 
le v e ls  o f th e  s t ru c tu re .  T h e  o v e ra l l  im p lic a t io n s  o f th is  a re  th a t 
f i r m s  who in v e s t in  new te ch n o lo g y  m in im is e  th e  d isa dvan tag es  of 
c o m m u n ic a tio n s  co m m on  w ith  t a l l  p y ra m id s , due to  the  in c re a s e d  
e ff ic ie n c ie s  re a lis e d  w ith  the  new te ch n o lo g y  w ith in  the  s tru c tu re .
T h e  id e a l s t ru c tu re  fo r  a q u a li ty  c o n tro l o rg a n is a t io n  w ith in  an e n te r ­
p r is e  fo r  m a n u fa c tu r in g  w ou ld  a ppe a r to  have a span o f c o n tro l o f 4 
and a 3 le v e l h ie ra rc h y .
T h e  m a jo r  a rg u m e n t f r o m  th is  re s e a rc h  on o rg a n is a tio n  re la te d  to  
new te c h n o lo g ie s  is  th a t open o r  o rg a n ic  sy s te m s  in  te rm s  o f B u rn s  
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and S ta lk e r  a re  not s u f f ic ie n t  i f  o p tim u m  e ffe c tiv e n e s s  is  to  be 
d e r iv e d  f r o m  the  in v e s tm e n t. S tru c tu re s  have to  be ta s k  o r ie n ta te d , 
th a t is  to  say, fo r m a l  l in e s  o f a u th o r ity  have to  be e s ta b lis h e d  as 
n e a r to  th e  new te c h n o lo g y  as p o s s ib le  and w h e re  the  h ig h e s t e x p e r t­
is e  o f s k i l l  and know ledge  o f the  new te ch n o lo g y  a re  co n ta ined .
M a n a g e m e n t.
T w o  o b s e rv a tio n s  a re  m ade in  the  f i r s t  in s ta n ce  w ith  re s p e c t to  
m anagem ent and new  te c h n o lo g ie s . S e n io r m a n a g e rs  a re  ra p id ly  
b e c o m in g  d iv o rc e d  f r o m  th e  c o m p le x it ie s  o f the  ch ang ing  m e th o ds  o f 
advanced  te ch n o lo g y . T h e  fo r m e r  concept o f the  c h ie f e xe cu tive  
’ ’w a lk in g  the  shop”  and b e in g  c o n v e rs a n t w ith  a l l  the  sy s te m s  w h ic h  
e x is te d  w hen he w as at a lo w e r  le v e l o f m anagem ent no lo n g e r  
a p p lie s , m a in ly  due to  th e  a c c e le ra te d  pace o f new te c h n o lo g ie s  such 
as c o m p u te r c o n tro lle d  m a ch in e  to o ls , m e a s u r in g  m a ch in e s  and o th e r 
e le c t ro n ic  and m ic r o - e le c t r o n ic  d e ve lo p m e n ts . T h e  second o b s e rv a ­
t io n  is  th a t th e  f i r s t  l in e  s u p e rv is o r  is  a ls o  b e c o m in g  d iv o rc e d  f r o m  
the  new te c h n o lo g ie s  m a in ly  due to  la c k  o f t r a in in g  and to  som e degree  
due to  a la c k  o f need f o r  the  s u p e rv is o r  to  be in v o lv e d . Indeed  as 
m a ch in e  shops becom e  m o re  and m o re  equ ipped w ith  c o m p u te r 
c o n tro lle d  m a ch in e  to o ls , the  r o le  o f the  s u p e rv is o r  w i l l  d is a p p e a r o r  
change to  one o f p u re  m an  m anagem ent.
T h e se  tw o  o b s e rv a tio n s  have th e  fo llo w in g  im p lic a t io n s  fo r  m a n u ­
fa c tu r in g  m anagem en t. S e n io r m anagem ent have to  have no d ire c t  
in v o lv e m e n t in  th e  d a ily  o p e ra tio n  o f the  new te c h n o lo g ie s , th e i r  r o le  
has to  be co n ce rn e d  w ith  p o lic y  and the  a s s u ra n ce  th ro u g h  the  lin e  
o rg a n is a tio n  th a t m a x im u m  re tu rn  on in v e s tm e n t is  b e in g  ga ined  f r o m  
the  te ch n o lo g y . T h e  f i r s t  l in e  s u p e rv is o r  p re s e n ts  a m o re  d i f f ic u l t  
p ro b le m  bu t one w h ich  is  in e sca p a b le , h is  ro le  has to  be phased out 
a long  w ith  c o n v e n tio n a l m a ch in e  shop te ch n o lo g y . T h is  re s e a rc h  
a rg ues  th a t th e re  is  a d im in is h in g  need fo r  the  f i r s t  l in e  s u p e rv is e ra s , 
he e x is ts  to d a y  in  the  m a ch in e  shop o f m a n u fa c tu r in g  in d u s try .
. -427-
T he  next g ro u p  o f m a n a g e rs  to  be a ffe c te d  b y  new te c h n o lo g y  is  the 
m id d le  m anagem ent s tra ta .  T h e  f in d in g s  f r o m  th is  re s e a rc h  in d ic ­
a te  th a t th is  g ro u p  w i l l  be the  le a s t a ffe c te d  b y  new te c h n o lo g y  in  
m a n u fa c tu r in g . H o w e v e r th e  m o s t v i ta l  re q u ire m e n t f o r  the  m id d le  
m a n a g e r is  not to  be n e c e s s a r ily  c o n ve rsa n t w ith  th e  in t r ic a c ie s  o f 
how  the  new te c h n o lo g ie s  o p e ra te , b u t m o re  so to  w ha t a p p lic a t io n s  
these  te c h n o lo g ie s  can b e s t be u t i l is e d .  T h is  re q u ire m e n t w i l l  
n e c e s s ita te  con tinu o u s  t r a in in g  and e d uca tio n  on th e  p a r t ic u la r  
p o s s ib i l i t ie s  o f th e  new te c h n o lo g y  and a w il l in g n e s s  on the  p a r t  o f the  
m a n a g e r to  acce p t som e re s p o n s ib i l i ty  fo r  se e k in g  fu r th e r  in n o v a ­
t io n s  w ith  the  new p ro c e s s e s .
T h e  de g re e  o f m an agem en t s u p p o rt f o r  new te c h n o lo g y  a p p e a rs  to  be 
d ir e c t ly  re la te d  to  th e  le v e l o f m anagem ent. T h e  m o s t s e n io r  
m anagem ent g iv e  p r io r i t y  to  r e tu r n  on in v e s tm e n t, w h ile  m id d le  
m anagem ent s u p p o rt o r  g ive  p a s s iv e  consen t to  new  te ch n o lo g y  
depend ing  how  th e  te ch n o lo g y  a ffe c ts  th e m  in  th e  p e r fo rm a n c e  o f th e ir  
g iv e n  ta s k . P ro d u c t io n  l in e  m a n a g e rs  a ppea r to  seek c o n d itio n s  o f 
m in im u m  change as change tends to  th re a te n  e s ta b lis h e d  o rd e r ,  
f a m i l ia r  s y s te m s  and w o rk in g  re la t io n s h ip s  w ith  peop le . M id d le  
m anagem ent on s e rv ic e  a c t iv it ie s ,  th a t is  non p ro d u c tio n , such as 
in s p e c tio n , m a in te n a n ce , to o lm a k in g  and o th e rs , g e n e ra lly  w e re  
found  to  s u p p o rt new te ch n o lo g y . T h is  a tt itu d e  was c o n s id e re d  to  be 
deve loped  f r o m  th e  b a s ic  n a tu re  o f th e ir  ta s k  in  c o n t in u a lly  se e k in g  
m e thods o f im p ro v in g  th e i r  s e rv ic e  w ith o u t ad d in g  co s t to  the  o v e ra l l  
e n te rp r is e . T h is  a tt itu d e  w as re f le c te d  in  the  m id d le  m anagem ent 
s u p p o rt fo r  th e  c o -o rd in a te  m e a s u r in g  m a ch in e  in v e s tm e n t as d is ­
cussed  in  c h a p te r 4. T h is  new te ch n o lo g y  seem ed to  be an in v e s t­
m e n t w h ic h  w o u ld  not n e c e s s a r ily  add va lu e  to  th e  p ro d u c t y e t w ith o u t 
the  in v e s tm e n t, lo w e r  e ff ic ie n c e s  w ou ld  re s u lt  f r o m  o th e r p re v io u s  
in v e s tm e n ts  on e q u ipm en t such as N. C. , m a ch in e  to o ls . In  the  s tu d y  
o f the  m u lt in a t io n a l o rg a n is a tio n , i t  showed th a t w h e re  fu n c t io n a l 
l in e s  o f a u th o r ity  e x is t be tw een  v e ry  s e n io r  a d m in is t ra to rs  and 
m id d le  m a nagem ent a t in d iv id u a l p la n ts  in  th e  e n te rp r is e  then  g re a te r
le v e ra g e  was a v a ila b le  to  encou rage  the  a c q u is it io n  o f the se  new 
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te c h n o lo g ie s . I t  w as a ls o  o b se rve d  th a t in te rp la n t  c o m p e t it io n  
be tw een  m a n a g e rs  tended  to  g e n e ra te  m o re  dem and f o r  such  te c h n o ­
lo g ie s , th is  a c t iv i t y  co u ld  have b o th  advantages and d isa dvan tages  to  
th e  e n te rp r is e .
M a jo r  d if fe re n c e s  o b se rve d  be tw een  f i r m s  u s in g  and f i r m s  not u s in g  
c o -o rd in a te  m e a s u r in g  m a ch in e  te c h n o lo g ie s  in d ic a te d  th a t m a n age ­
m e n t o f th e  u s e r  f i r m s  had g re a te r  aw a reness  o f th e  p o te n t ia l 
e f f ic ie n c ie s  and b e n e fits  o f new te ch n o lo g ie s  as th e se  u s e r f i r m s  had 
g re a te r  a c t iv i t y  w ith  m a jo r  te c h n ic a l changes on a w id e  v a r ie ty  o f new 
te c h n o lo g ie s . A s  p re v io u s ly  show n unde r o rg a n is a tio n  s tru c tu re ,  the  
u s e r f i r m  s e n io r  m anag em en t appea red  to  have  le s s  need fo r  a w id e  
span o f c o n tro l d e s p ite  a t a l le r  p y ra m id  s t ru c tu re .  T h is  in d ic a te s  
th a t th e  new te c h n o lo g ie s  re d u ce d  th e  d isa dvan ta ges  o f c o m m u n ic a tio n  
th ro u g h  a deep and co m p le x  h ie ra r c h y  of le v e ls .  On th e  q u e s tio n  o f 
acce p ta nce  o f re s p o n s ib i l i t ie s  fo r  the  new te c h n o lo g ie s , i t  was e v id ­
ent th a t th is  was c lo s e ly  re la te d  to  th e  r e l ia b i l i t y  o f the  te c h n o lo g y  in  
te rm s  o f u p tim e , p e r fo rm a n c e  and g e n e ra l u s e fu ln e s s . I t  w as noted 
f o r  e xa m p le , th a t in  th e  case o f th e  n u m e r ic a l c o n tro lle d  m a ch in e  
to o ls  in  c h a p te r 3, th e  l in e  m a n a g e rs  encou raged  th e  p a r a l le l  use o f 
c o n v e n tio n a l eq u ip m e n t and on th e  m e a s u r in g  m a ch in e s  d iscu sse d  in  
c h a p te r 4, th a t th e  in s p e c tio n  m a n a g e r re v e r te d  b a ck  to  f i r s t  p r in c ip ­
le  s y s te m  o f m e a s u re m e n t w hen the  new m e a s u r in g  m a ch in e  fa i le d  to  
o p e ra te . T h e  f in d in g s  f r o m  th is  re s e a rc h  show  th a t the  cham p ions  
f o r  in n o v a tio n  a re  found  at m id d le  m anagem ent le v e l,  a re  em p loyees  
w ith  lo n g  com pany s e rv ic e  and in  m o s t in s ta n c e s , a re  co n ce rn e d  w ith  
s e rv ic e  a c t iv it ie s  ra th e r  th a n  d ir e c t  l in e  p ro d u c tio n  m anagem e n t. I t  
w as a ls o  o b se rve d  in  th is  co n n e c tio n  th a t new te c h n o lo g ie s  tend  to  
fo s te r  m o re  new te c h n o lo g ie s , th a t is  to  say, o th e r  a p p lic a t io n s  a re  
found  w h ic h  w e re  p re v io u s ly  not c o n s id e re d  u n t i l  th e  new te ch n o lo g y  
was in tro d u c e d .
S tra te g ie s .
I t  is  a p p a re n t f r o m  th is  re s e a rc h  th a t m a n y  m a n u fa c tu r in g  f i r m s
in v e s t in  new te c h n o lo g y  w ith o u t h a v in g  deve loped  any  d e ta ile d  
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o b je c tiv e s  o r  lo n g  te r m  p la n s  d ir e c t ly  a sso c ia te d  w ith  th a t new te c h n o ­
lo g y , T h is  la c k  of p la n n in g  m aybe  due to  th e  unknow n o v e ra l l  p o te n t­
ia l  o f the  new te c h n o lo g y  as i t  w ou ld  re la te  to  each in d iv id u a l p la n t o r  
f i r m  o r  c o n v e rs e ly  tho se  f i r m s  who tend  not to  be th e  f r o n t  ru n n e rs  
w ith  in n o v a tio n s , m a y  have se t o b je c tiv e s  and lo n g  te r m  p la n s  w h ich  
re s u lt  in  c o n s tra in in g  the  new te c h n o lo g y 's  in t ro d u c t io n . T h e  re a so n s  
g ive n  f o r  the  in v e s tm e n t in  new  te c h n o lo g y  v a r ie d  f r o m  f i r m  to  f i r m ,  
b u t com m on  p o in ts  re la te  to  cos t re d u c t io n , in c re a s e d  p ro d u c t iv i ty  
and in  th e  s p e c if ic  case o f the  m e a s u r in g  m a ch in e , to  o b ta in  im p ro v e d  
c u s to m e r accep tance  o f p ro d u c ts . I t  was o b se rve d  in  the  m u l t i ­
n a tio n a l o rg a n is a tio n  and in  o th e r o rg a n is a tio n s  w ith  m o re  th a n  one 
p la n t, th a t s tra te g ie s  had been deve loped  to  a vo id  d u p lic a t io n  o f e x ­
p e n s ive  e q u ip m e n t b y  th e  exchange o f in fo rm a t io n  and o th e r s e rv ic e s  
in te r  p la n t. I t  w as a lso  no ted  th a t f i r m s  u s in g  new  m e a s u r in g  m a ch in e  
te c h n o lo g y  had budge ted  m o re  fin a n c e  to  s u p p o rt the  in s p e c tio n  s e r ­
v ic e  than  f i r m s  w ith o u t th is  te ch n o lo g y , the  im p lic a t io n  f r o m  th is  
w o u ld  suggest th a t th e se  u s e r f i r m s  seek to  m a x im is e  on th e i r  
in v e s tm e n t.
V e ry  fe w  f i r m s  ap pe a r to  have fo r m a l e d u ca tio n  and t r a in in g  schem es 
re la te d  to  new te c h n o lo g y . E v id e n ce  f r o m  the  re s e a rc h  shows th a t 
m o s t f i r m s  a re  dependent upon e x te rn a l s u p p o rt and e ith e r  re m a in  in  
th is  p o s tu re  o r  deve lo p  h a p h a za rd  t r a in in g  schem es to  m ee t im m e d i­
a te  needs. T r a in in g  o f c o u rs e  can be expens ive  bu t th e  consequences 
o f in c o m p e te n t e m p lo ye es  on c o s t ly  c a p ita l e q u ip m e n t can be o f m uch  
g re a te r  expense. T h is  re s e a rc h  w ou ld  in d ic a te  th a t t r a in in g  fo r  new 
te c h n o lo g ie s  is  a n e c e s s a ry  p re re q u is ite  fo r  a l l  f i r m s  in  advance o f 
u s in g  th e  new te ch n o lo g y . F o rm a t io n  o f s p e c ia l te a m s , e s p e c ia lly  f o r  
p la n n in g  a c t iv it ie s ,  appea red  to  be o f an e v o lu t io n a ry  r a th e r  th a n  a 
deve loped  s tra te g y . I t  was no ted  th a t f i r m s  do not on a ve rag e  m ake  
d ra m a t ic  changes to  the  s y s te m s  o f p ro d u c tio n  o r  o th e r re la te d  s e r ­
v ic e s , bu t tend  to  m e rg e  new sys te m s  w ith  e x is t in g  p ro v e n  s y s te m s . 
T h is  a p p ro a ch  c a lls  fo r  a d iv is io n  of re s p o n s ib il i t ie s  of v a r io u s  
em p loyee s  and re s u lts  in  c e r ta in  in d iv id u a ls  spend ing  a f r a c t io n  o f
th e i r  w o rk in g  t im e  on the  new te ch n o lo g y . A s  th e se  te ch n o lo g ie s  
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in c re a s e  o r  the  u t i l is a t io n  im p ro v e s , then  th e  t im e  e le m e n t in c re a s e s  
and in fo r m a l l in e s  o f a u th o r ity  and in fo rm a t io n  becom e e s ta b lis h e d . 
T h e  fin d in g s  o f th is  re s e a rc h  w ou ld  im p ly  th a t te a m s  and te a m  le a d e rs  
c re a te d  to  c o n tro l and m a x im is e  the u t i l is a t io n  o f new  te c h n o lo g y  a re  
im p o r ta n t to  the  o v e ra l l  su ccess  o f these  te c h n o lo g ie s  and the  t im in g  
f o r  th e  fo rm a lis a t io n  o f such te a m s  is  c r i t i c a l  to  th e  e n te rp r is e .
M a ch in e  Shop E n v iro n m e n t.
In  th is  re s e a rc h ,e n v iro n m e n t is  co n ce rne d  w ith  th e  p h y s ic a l n a tu re  o f 
the  new te c h n o lo g y . T h e  g ro w th  o f n u m e r ic a l c o n tro lle d  (N. C . , ) 
m a ch in e  to o ls  s in ce  th e  e a r ly  1960s has re s u lte d  in  a re d u c t io n  o f co n ­
v e n tio n a l typ e  m a ch in e  to o ls  and a re d u c t io n  o f b lu e  c o l la r  e m p lo ye e s . 
E co n o m ie s  have been  a p p a re n t w ith  e n e rg y  in  te rm s  o f h o rs e p o w e r 
f o r  a g iv e n  in c re a s e  in  p ro d u c t iv ity .  T h e  g ro w th  o f c o -o rd in a te  m e a ­
s u r in g  m a ch in e s  in  m a n u fa c tu r in g  and o th e r in d u s tr ie s  has deve loped  
s in ce  the  m id  1960s w ith  an a c c e le ra t io n  o f sa le s  in  th e  e a r ly  to  m id  
1970s. T h e  im p a c t on the  e n v iro n m e n t o f the  m a ch in e  shop b ro u g h t 
about b y  th e  c o -o rd in a te  m e a s u r in g  m a ch in e  (C M M ) has not been so 
a p p a re n t as th a t o f the  N. C . , m a ch in e  to o l in  te rm s  o f o v e ra l l  e ffe c t, 
bu t the  C M M  has had im p a c t w ith in  its  own sp h e re  o f a c t iv it y ,  th a t is  
the  q u a li ty  c o n tro l o r  in s p e c tio n  fu n c tio n . T h e  im p o r ta n c e  o f the  
C M M  in t ro d u c t io n  to  the  e n v iro n m e n t o f the  ty p ic a l m a n u fa c tu r in g  m a ­
ch ine  shop is  th a t th is  e q u ip m e n t is  e n t i r e ly  fo re ig n  to  a n y th in g  p r e ­
v io u s ly  seen in  the  m a ch in e  shop and in  the  v ie w p o in t o f th is  re s e a rc h , 
th is  is  th e  b e g in n in g  o f a m a jo r  e n v iro n m e n ta l change w h ic h  w i l l  
d ir e c t ly  a ffe c t m a n u fa c tu r in g  in d u s try .
T h e  e a r ly  s e le c t io n  o f N. C . , m a ch in e  to o ls  in  the  f i r m  s tu d ie d  in  th is  
re s e a rc h  w as show n to  be h a ph a za rd  w ith  no p a r t ic u la r  lo n g  te r m  
p la n s . E q u a lly  th e  s e le c t io n  o f C M M  equ ipm e n t was la rg e ly  c o n d it io n ­
ed b y  a v a i la b i l i t y  o f p ro d u c t and g e n e ra lly  c o n tro lle d  b y  v e ry  few  
s u p p lie rs  w ith in  the  g ive n  m a rk e t p la ce . T h e  h a p h a za rd  s e le c t io n  of 
N. C . , gave w ay to  m o re  s p e c if ic  s e le c t io n  s y s te m s  due to  p ro b le m  o f 
u n r e l ia b i l i t y  w ith  the  e a r ly  m o d e ls . S im i la r ly  the  s e le c t io n  o f C M M
opened to  a w id e r  m a rk e t o f s u p p lie rs  and im p ro v e d  s y s te m s  of 
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m ic r o - e le c tro n ic s  and the  em p ha s is  changed f r o m  a v a i la b i l i t y  to  
a c c u ra c y  and co s t as the  m a jo r  c r i t e r ia  f o r  s e le c t io n  o f s y s te m s . I t  
was o b se rve d  in  th e  m u lt in a t io n a l o rg a n is a tio n  th a t w h ile  s e le c t io n  of 
C M M  eq u ip m e n t w as g e n e ra lly  le f t  to  in d iv id u a l p la n ts , the  s ta n d a rd i­
s a tio n  o f s o ftw a re  w as im p o r ta n t f o r  the  in te rc h a n g e  o f data  and 
s y s te m s  be tw een  p la n ts . T h is  concep t was a ls o  a p p a re n t w ith  N. C . , 
te ch n o lo g y  w h e re  s e v e ra l p la n ts  w e re  in v o lv e d , in  th a t the  g e n e ra tio n  
o f m a s te r  c o n tro l tapes  in  one lo c a t io n  e lim in a te d  th e  need f o r  d u p l i­
c a tio n  o f e f fo r t  and co s ts  a t o th e r  lo c a t io n s . T h is  c o n tro l and 
c e n tra lis a t io n  o f s o ftw a re , i t  w ou ld  seem , w i l l  have v e r y  m a jo r  con ­
sequences to  s u b s id ia ry  fa c i l i t ie s  o f m u lt in a t io n a l and m u lt ip la n t  
o rg a n is a tio n s  in  the  fu tu re ,  as not o n ly  w i l l  th e  e n v iro n m e n t o f the  
m a ch in e  shop be s ta n d a rd is e d  w ith  a re d u c t io n  o f b lu e  c o l la r  m a n ­
p o w e r, b u t a ls o  th e  need fo r  any g ro w th  in  p la n n in g  s u p p o rt w i l l  be 
v e r y  d o u b tfu l.
L o c a t io n  o f N. C . , e q u ip m e n t w as shown to  be b y  t r i a l  and e r r o r  in  the  
e a r ly  s tages w ith in  the  s in g le  m a n u fa c tu r in g  p la n t s tu d ie d . L a t te r ly  
th is  deve loped  to  a m e rg in g  o f N. C . , te ch n o lo g y  w ith  c o n v e n tio n a l 
te c h n o lo g y  in  th e  m a ch in e  shop. C u r re n t ly  th is  re s e a rc h  shows th a t 
f i r m s  a re  c re a t in g  N. C . , s e c tio n s  w ith in  g ro u p  te ch n o lo g y  s y s te m s  of 
p ro d u c tio n  w o rk in g  in  c o n tro lle d  c e lls  f o r  the  c o m p le te  p ro d u c tio n  of 
in d iv id u a l com pone n ts . T h is  concep t is  la rg e ly  dependent upon the 
p ro d u c tio n  s y s te m  and p ro d u c t m a n u fa c tu re d  in  each f i r m .  F o r  
e xa m p le , v e r y  h ig h  v o lu m e  m a n u fa c tu re  in  a m a ss  p ro d u c tio n  s y s te m  
w ou ld  a r ra n g e  f o r  id e n t ic a l N. C . , m a ch in e  to o ls  w ith  s ta n d a rd is e d  
to o lin g , w h ile  s m a ll  to  la rg e  b a tch  p ro d u c tio n  s y s te m s , w h ich  a ppea r 
to  be th e  m o s t co m m on  s y s te m s  in  B r i t is h  in d u s try ,  w ou ld  seek g ro u p  
te ch n o lo g y  m e th o ds . T h e  m e th o d  o f lo c a t io n  o f C M M  in s p e c tio n  e q u ip ­
m en t v a r ie d  f r o m  f i r m  to  f i r m ,  som e a tte m p te d  to  in te g ra te  w ith  h ig h  
ou tpu t N . C . , e q u ip m e n t to  m in im is e  m o ve m e n t o f com ponen ts , w h ile  
o th e r  f i r m s  chose to  lo c a te  th e  C M M  at a f in a l  c h e c k -o u t a re a , in  an 
a tte m p t to  s c re e n  the  q u a li ty  o f com ponen ts . I t  was o b se rve d  th a t 
f i r m s  w ith  a p ro p e n s ity  to  m ake  m a jo r  te c h n ic a l changes w e re
co n sc io u s  o f th e  re s u lta n t  e ffe c t on p la n t la y o u t w ith in  the  f i r m .
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T h is  r e s e a r c h  would a rg u e  th a t su c c e ss  o r fa ilu re  of new technology  
w ith in  the m ach ine  shop, is  la rg e ly  conditioned by d e g re e  of a tten tio n  
given by p lanning  m anagem en t to the  loca tion  of th is  new technology 
w ithin  the m ach ine  shop env ironm en t. M ain tenance sy s te m s  on new 
technology  as  s ta te d  p rev io u s ly , w ere  found to  be dependent upon 
in itia l su p p lie rs  of the equipm ent and th e ir  ab ility  to  s e rv ic e  and r e ­
p a ir  in acc o rd a n c e  with the  needs of the  u s e r  f i rm s . M any f irm s  
re p o r te d  a d is s a tis fa c tio n  with the  su p p lie r  s e rv ic e  and opted fo r  in - 
house  m ain ten an ce  of the  new technology. T he e v e r - in c re a s in g  m a ­
chine too l hou r r a te  of cost m akes fo r  m ax im isa tio n  of m ach ine  too l 
up tim e o r any o th e r  c r i t ic a l  equipm ent, the  po licy  of p re -p la n n e d  
m ain ten an ce  o r p rev e n tiv e  m ain tenance  b ecom es an u rg en t c r i te r io n  
fo r  new technology .
C on tro l sy s te m s .
R e tu rn  on in v es tm en t has b een  d isc u sse d  at leng th  in th is  r e s e a r c h  
both a s  a m anagem en t d ec is io n  fa c to r  and a s  a m ean s of c o n tro l to 
d e te rm in e  the  d e g re e  of su c c e ss  re la te d  to  the  e ffec tiv en ess  in  te rm s  
of fin an c ia l r e tu rn  g e n e ra te d  by the  new technology. It w as shown 
th a t m any f irm s  used  the  techn ique of r e tu rn  on in v es tm en t a n a ly s is  
p u re ly  as a m eans of ju s tify in g  a d ec is io n  to  p u rc h a se  the  new tech n o ­
logy, a s  a f te r  in s ta lla tio n , th e re  ap p ea red  to  be l i t t le  a ttem p t to  m e a ­
su re  the  r e a l  r e tu r n  on in v es tm en t. T he study  of th e  sin g le  m anu­
fa c tu rin g  p lan t show ed th a t the  su c c e ss  of the  r e tu rn  on investm en t 
fo r  the N, C , , m ach ine  too l w as la rg e ly  governed  by the  e ffec tiv en ess  
of the  o p e ra to r  of the  equipm ent and the  e ffic iency  of sup p o rt s e r ­
v ice s  such  as  too ling , m ain tenance  and so ftw are  p ro g ra m m e s . T he 
ROI fo r  the  c o -o rd in a te  m e a su rin g  m achine w as le s s  e a sy  to m e a su re  
com pared  to the  N, C , , m ach ine  too l, but b a s ic a lly  the  red u c tio n  of 
w aiting  tim e  fo r  a m e a su re m e n t c r i t ic a l  to the  continuous o p era tio n  of 
the  a fo rem en tio n ed  N. C. , equipm ent, ap p ea re d  to  be  the  b e s t m e a ­
su re  of e ffec tiv en ess  of the  CMM equipm ent and th e re fo re  the  b est 
sy s te m  of co n tro l. Specific  e x e rc is e s  w ere  c a r r ie d  out to te s t  the 
a c tu a l sav ings in  tim e  when using  new CMM technology  o v er conven­
tio n a l m e a su rin g  sy s te m s , th e se  e x e rc is e s  show ed co n c lu siv e ly  that
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the  new technology had decided  t im e  saving advan tages .
E ffec tive  u tilisa tio n  of the  CMM equipm ent w as show n to  be incon­
c lu sive  in  th is  r e s e a r c h .  C ra ft in sp e c to rs  d e s iro u s  of m ain ta in ing  
hand sk ills  and the  know ledge of b a s ic  p rin c ip le s  of m e a su re m e n t, 
tended  to  r e v e r t  to  th e se  sy s te m s  if the  new techno logy  of the  CMM 
w as down fo r  m ain ten an ce  o r o th e r re a so n s . T h is  app roach  did not 
a p p ea r to  have  se r io u s  e ffec ts  on the  o p e ra tio n  of the  m ach ine  shop, 
a t le a s t  in the  sh o rt te rm , but the  u tilisa tio n  and u ltim a te ly  the  
e ffic iency  of the  in sp ec tio n  equipm ent su ffe red  and subsequen tly  
add itiona l m an h o u rs  b ecam e n e c e s sa ry . U tilisa tio n  has becom e a 
m a tte r  of top p r io r i ty  fo r  the  m u ltin a tio n a l o rg an isa tio n  stud ied  in  
th is  r e s e a r c h .  It is  co n s id e re d  tha t low u tilisa tio n  w ill only fo s te r  the  
p ro life ra t io n  of m o re  new CMM technology, m uch of w hich would not 
be n e c e s s a ry  had the  o rig in a l in v es tm en t been  fu lly  bu rdened  and con­
tro lle d .
P e o p le .
F ro m  the findings of th is  r e s e a r c h  p ro je c t, it se e m s  that inev itab ly  
people at a ll  le v e ls  w ith in  the  e n te rp r is e  w ill be a ffec ted  by the  im pact 
of new technology . T he d e ta iled  an a ly s is  of the  sin g le  m an u fac tu rin g  
p lan t show ed em ploym ent sh ifts  and d isp lacem en t of b lue c o lla r  
em ployees a lm o s t s u r re p ti t io u s ly  w ith the s tead y  grow th  of N. C . , 
equipm ent, the  consequence  of the  new N. C . , techno logy  did not r e s u l t  
in  any grow th  of w hite c o lla r  em ployees. T he effect of CMM tech n o ­
logy w as le s s  obvious w ith r e s p e c t  to the  d isp lacem en t of th e  c ra ft 
in sp e c to r , a lthough it was show n in  the sin g le  m an u fac tu rin g  p lan t and 
in  the  m u ltin a tio n a l s tu d ie s , th a t c ra f t in sp e c to rs  had been  d isp laced  
and w hite c o lla r  p lan n e rs  added to  support the  new technology. T he 
conclusion  rea c h e d  fro m  th is  r e s e a r c h  is  th a t em ploym ent sh ifts  w ill 
in c re a s e  in m an u fac tu rin g  in d u s try  w ith the in tro d u c tio n  of new te c h ­
no log ies. T h e se  sh ifts  w ill c o n s is t of a red u c tio n  of b lue c o lla r  
em ployees and c e r ta in  sta ff o r w hite c o lla r  em p loyees. T he la t te r  
group of w hite c o lla r  em ployees w ill not in c re a s e  as has been  p rev ious, 
ly  su g g ested  in  the  l i te r a tu r e ,  but a r e - c la s s i f ic a t io n  of job content 
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w ill r e s u l t  in  the  d ropping  of obso le te  sy s te m s  fo r  th e  adoption of new 
sy s te m s  to su p p o rt new tech n o lo g ies . T he po licy  fo r  dealing  w ith 
em ployees d isp laced  by  au tom ation  used  by a la rg e  num ber of f i rm s  in  
the  su rv ey , show ed th a t r e - t r a in in g  fo r  o th e r sk il ls  and th e  red u c tio n  
of lab o u r by n o rm a l a ttr i t io n  to  be the  m o st a cc ep tab le . A lthough no 
f i rm s  c la im ed  th e  need to  m ake people redundan t due to  the  in tro d u c t­
ion of new technology , it a p p e a rs  tha t som e f irm s  ad m itted  to  having 
no redundancy  p ledges a g re e d  w ith th e i r  p lan t lev e l t r a d e  unions, in 
o rd e r  th a t th e  path  w ould be c le a r  fo r  the  in tro d u c tio n  of new tech n o ­
logy, w hich would e ffec tiv e ly  d isp lac e  people fro m  a sp ec ific  ta sk , it  
would se em  d ifficu lt fo r  m an u fac tu rin g  f i rm s  to continue to honour no 
redundancy  p ledges o r indeed to  m ake them  in  the  f i r s t  p lace , w ith the 
e v e r - in c re a s in g  pace  of new lab o u r sav ing  technology, com petition  
both  w ith in  and w ithout B r ita in , and indeed, the  v e ry  su rv iv a l of the  
f irm  in  re la tio n sh ip  to  co st e ffec tiv en ess  and p ro f it  g e n era tio n .
T he  im pact of new technology  such  as N. C . , and CMMs ap p ea r  to  en ­
hance  sk il ls  o r c re a te  new dem ands fo r  sk il ls  w hich had  not been  p r e ­
v io u sly  re q u ire d . T he finding in th is  r e s e a r c h  ten d s to  c o n trad ic t 
som e p r io r  r e s e a r c h  and the  g e n e ra l im p re ss io n s  m ade  by the  m ed ia , 
w ith r e s p e c t  to  au tom ation  and o th er fo rm s  of advanced  technology, 
r e la te d  to  the  m an u fac tu rin g  in d u s try . Much is  dependent upon the 
n a tu re  of the  sk ill  under d isc u ss io n  but in  th is  r e s e a r c h  it w as noted 
th a t c ra f t  m ac h in is t and c ra f t  in sp e c to rs  tended  to  develop new sk ills  
and know ledge, re la te d  to the  new technology, w hich had the  cau sa l 
effect of fo rg ing  them  into  a new tea m  re la tio n sh ip  w ith the planning  
group and developed new ro le s  fo r  them  in the p lann ing  of how sp e c if ­
ic  ta s k s  m ight be  p e rfo rm e d . T he a ttitu d e  su rv e y  show n in c h ap te r 4 
sug g ested  th a t the  c ra f t  in sp e c to rs  w ere  v e ry  co n ce rn ed  about the  d e ­
sk illin g  effect of new technology  but w ere  le s s  co n ce rn ed  about the  
p o ss ib le  red u c tio n  of th e ir  n u m b ers . T h is co n ce rn  fo r  d e -sk illin g  
w as not re f le c te d  in a low ering  of job sa tis fa c tio n  and it would im ply  
that the  new ness of the  technology w as such  th a t the  in sp e c to rs  w e re  
s t i l l  on the  u p -s lo p e  of a le a rn in g  cu rv e , and un til such  tim e s  as th is  
lev e lled , then  the  sym ptom s of d is sa tis fa c tio n  would not su rfa c e .
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P r a c t ic a l ly  no r e s is ta n c e  to  new technology w as o b se rv ed  in a ll  of the  
r e s e a r c h  find ings, except as p rev io u s ly  d isc u sse d , am ong the  m iddle  
m anagem ent s t r a ta .  C e r ta in  re a c tio n s  by v a rio u s  g roups in the f irm  
m ay  have im p lied  a d e g re e  of r e s is ta n c e  but th is  w as in te rp re te d  as 
being  co n cern ed  w ith gain ing  b en efits  o r o th e r advan tages fro m  the 
consequences of the  new tech n o lo g ies , r a th e r  th an  an ou trig h t r e s i s t ­
ance to the  change its e lf . A s W oodw ard o b se rv ed  "you cannot e scap e  
re -o p e n in g  the  b a rg a in in g  s itu a tio n  when you in tro d u ce  any kind of 
tech n o lo g ica l change" (26). In the  r e s e a r c h  of the  m u ltin a tio n a l 
o rg an isa tio n , it w as show n th a t c ra f t  in sp e c to rs  w ould r e s i s t  change 
if it w e re  to  a ffect sp ec ific  conditions such  as  s ta tu s , o r cau se  a l t e r a ­
tio n  to  o th e r sy s te m s  in h a rm o n y  w ith in spec tion . It w as a lso  su g g e s t­
ed th a t r e s is ta n c e  would a r i s e  due to  a b a s ic  f e a r  of change. As 
s ta te d  e a r l ie r ,  th e re  w as no ev idence of r e s is ta n c e  in  the  m u lti­
n a tio n a l p lan ts  no r in  any o th e r f irm . It has b een  su g g ested  th a t the  
concept of th e  au tom ated  fa c to ry  w ill have fo re ru n n e r  developm ents 
such  as  the m erg in g  of sp ec ific  tech n o lo g ies . T he  m erg in g  of th e se  
tech n o lo g ies  w ill fo rc e  the  in te g ra tio n  of job re s p o n s ib ili t ie s  due to 
o b so le sc en c e  of re p la c e d  sy s te m s  and the e m e rg en c e  of new sy s te m s . 
T he  p ro p o sa l to  m e rg e  c ra f t in sp ec tio n  with c ra f t m a c h in is t o r p ro ­
duction  w as re je c te d  to ta lly  a s  being  unaccep tab le  to  the  in sp e c to rs  in 
p a r t ic u la r ,  a s  it w as c la im ed  th e se  sp ec ific  ro le s  a r e  not com patib le . 
T h is  a ttitu d e  to  fu r th e r  advance c e r ta in  technology  m ay to  som e 
d e g re e  re s u l t  in a c o n s tra in t to  th e se  techno log ies .
It w as evident in  the  study  of the  sin g le  m an u fac tu rin g  p lan t in  c h ap te r  
3 tha t p ro b lem s a s so c ia te d  w ith m anning of equipm ent w ill continue to 
cau se  d isa g re e m e n t be tw een  m anagem ent and t r a d e  unions at p lant 
lev e l. E ach  group w ill have a sp ec ific  point of view  and co m p ro m is in g  
a rra n g e m e n ts  w ill p robab ly  be the  outcom e, with each  group giving 
som e ground such  as a red u ced  ROI on one hand, to  th is  d isp lacem en t 
of som e union m e m b e rs  on the  o th e r . E v idence fro m  th is  r e s e a r c h  
p ro je c t would sup p o rt an a rg u m en t tha t c ra f tsm e n  had in  fac t gained 
in  job s ta tu s  d ire c tly  due to the  in tro d u c tio n  of the  new tech n o lo g ies .
T h is  w as evident w ith the  N. C . , m ach ine  too ls re s e a rc h e d  in ch ap te r 
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3 and a lso  in the  a ttitu d e  su rv e y  conducted in  c h ap te r  4 with r e s p e c t  
to  the  c o -o rd in a te  m e a su rin g  m ach in es . T he one group of people who 
a p p e a r  to  lo se  w ith the  advance of new technology  stud ied  in th is  r e ­
s e a rc h  a re  th e  f i r s t  line  s u p e rv is o rs . Indeed the  in fluence  o r pow er 
of p e rsu a s io n  se em  to in c re a s e  fo r  the  b lue c o lla r  c ra f tsm a n  over 
tha t of the  su p e rv iso r . T he su p e rv iso r  unable to keep up w ith chang­
ing technology, a p p e a rs  to  be having h is  ro le  red u c ed  to  one of m an 
m anagem ent, leav ing  the  new technology  to  be co n tro lle d  by the w hite 
c o lla r  p lan n e r and the  b lue c o lla r  c ra ft o p e ra to r  o r  in sp e c to r  on the  
shop flo o r.
M ost p r io r  r e s e a r c h  on the  concept of com m unicating  new technology  
p lans to  em ployees advocate  advanced com m unica tions as a p r e ­
re q u is ite  fo r  su c c e ss fu l in tro d u c tio n  of the  technology . T he findings 
fro m  th is  r e s e a r c h  tak e s  an e n tire ly  d iffe ren t p o s tu re  and would con­
clude th a t f i rm s  should  p lan  th e ir  com m unication  s tra te g y  to  the  sam e  
d e g re e  a s  they  p lanned  the  in v es tm en t of the  new technology. 
C om m unications have to  be given in  a cco rd an ce  w ith the  p osition  of 
the  em ployee w ith in  the  e n te rp r ic e . B lue c o lla r  w o rk e rs  and p lan t 
lev e l t r a d e  union o ffic ia ls  should  be given le a s t  in fo rm a tio n  up to  the  
point of in s ta lla tio n , a t w hich point they  ought to  be acc o rd e d  in fo rm a ­
tio n  by th e ir  im m ed ia te  su p e rv iso r  only if the  new technology  is to 
a ffect th a t em ployee in  h is  c u rre n t  ac tiv ity . W hite c o lla r  em ployees 
have to  be involved at v a ry in g  tim e s , dependent upon th e i r  c o n tr ib u t­
ion to  the  acq u is itio n  of the  technology, in  te rm s  of te c h n ic a l 
know ledge.
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SUMMARY OF MAJOR IM PLICATIONS FROM  THIS RESEARCH 
THESIS.
E ach  c h ap te r  of th is  p ro je c t w ith the  exception  of c h a p te rs  1 and 2 
concluded w ith a b r ie f  d isc u ss io n  on the  o b se rv ed  e ffec ts  of new te c h ­
nology, as it app lied  to  the  findings iden tified  in th a t c h ap te r . F ro m  
the  ev idence given in th e se  o b se rv a tio n s  and in  the  in v es tig a tio n  as a 
w hole, it is concluded th a t not only w as th is  r e s e a r c h  p ro je c t w o rth ­
w hile in  te rm s  of i ts  co n trib u tio n  to  knowledge of m anagem en t, p a r t i ­
c u la r ly  m an u fac tu rin g  m anagem en t, but in  addition , it fu lfils  the  
b a s ic  a rg u m en t of the  hy p o th esis  th a t new technology  has had som e 
im pact and effect on the  e n te rp r is e .  T he su m m a rise d  m a jo r  im p ­
lic a tio n s  of th is  im pact and effect on the m odel of the  e n te rp r is e  as 
i l lu s tr a te d  in  F ig u re  No: 1 .1 , page 11, a re  g iven as follow s
O rg a n isa tio n  S tru c tu re :
S tru c tu re s  have to be re -c o n s id e re d  in the  ligh t of new techno log ies if 
m ax im um  advan tages a re  to  be  gained. T h ese  c o n s id e ra tio n s  m ust 
inc lude  w orkflow  d isc ip lin e s , lin e s  of a u th o rity  and in fo rm a tio n . Size 
in  te rm s  of em ployees as p o stu la ted  by W oodward et a l, m u st not be 
a ssu m e d  to  be  the  so le  d e te rm in a n t of s t ru c tu re  a s  re la te d  to  tech n o ­
logy, (o th e r m e a s u re s  of s iz e  a r e  im p o rtan t nam ely , num b ers  of m a ­
chine to o ls , a re a  in  su rfa c e  sq u a re  footage, pow er consum ption  and 
others),.
E vidence  fro m  th is  r e s e a r c h  show s both h o riz o n ta l and v e r t ic a l  p r e s ­
s u re s  being  su b jec ted  to  the s t ru c tu re  thus fo rc in g  m anagem en t to 
r e a c t  by w idening spans of co n tro l and bu ild ing  d e ep e r la y e rs  of h i e r ­
a rc h ic a l  le v e ls . T h is  app roach  is not accep tab le , a s  new techno log ies 
have to  be  in te g ra te d  not s im p ly  added on to  s t r u c tu r e s .  T he  so 
ca lled  in fo rm a l o rg an isa tio n  sy s tem s,d ev e lo p ed  out of a need c re a te d  
by new tech n o lo g ies , have to  be  reco g n ised  and fo rm a lis e d  to  in c re a s e  
the  e ffec tiv en ess  of the s tru c tu re .
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M an ag em en t:
A ll le v e ls  of m anagem en t m u st be se en  to give su p p o rt to the new 
techno log ies and accep t re s p o n s ib ili t ie s  fo r  the  su c c e ss  and fa ilu re  
of th e se  techno log ies in the  e a r ly  s ta g es  of the  co m m issio n . F i r s t  
line  su p e rv is io n  has a red u c in g  im p o rtan ce  with the  advance of te c h ­
nology, thus im p ro v em en t in  techn iques of m an m anagem en t should 
be encouraged . Innovation and e n tre p re n e u r ia l  a c tiv i t ie s  a re  not the 
p re ro g a tiv e  of the  so le  ow ner o r th e  design  en g in eer w orking  in 
iso la tio n , th e se  a c tiv it ie s  m u st be an on-going re s p o n s ib ili ty  fo r  a ll  
le v e ls  of m anagem en t in  both s e rv ic e  and p roduction  line  m anagem ent 
ta s k s .
S tra te g ie s ;
M anagem ent by o b jec tiv es  should  becom e a s ta n d a rd  sy s te m  of 
rhanagem ent a s  r e la te d  to  new technology. Long and sh o r t  te rm  
planning  is  a p re re q u is i te  fo r  the  continuous success-'o f the  new te c h ­
no log ies. S y stem s of education  and tra in in g  have to  e m b ra ce  a ll  
em ployees co n cern ed  with the  technology, the  tim in g  of th is  tra in in g  
m u st be a fe a tu re  of a c a re fu lly  p lanned p ro g ra m m e  of com m un ica­
tio n s . T e a m s  appoin ted  to  develop and c o n tro l the  new technology  
should  be encou raged  to o p e ra te  th rough  a ll le v e ls  of the  s tru c tu re  
w ithout c o n s tra in ts  of au th o rity .
M achine Shop E n v iro n m en t:
T he grow th of new techno log ies m ust be co n tro lled  to  avoid  tec h n o ­
lo g ic a l leap frogg ing  as one new technology fo s te r s  th e  c re a tio n  o r 
a p p a ren t need fo r  a n o th e r. S e lec tion  of new techno logy  should be 
c o n tro lled  to  the  d e g re e  tha t p roduct sp ec ifica tio n , p ro d u c tiv ity , cost 
and d e liv e ry  a re  am ong the  m a jo r  c r i te r ia .  L o ca tio n  of new tech n o ­
logy in  the ex is tin g  m ach ine  shop m u st be g iven e x tre m e ly  c a re fu l 
p lanning  to  avoid p ro b lem s both tec h n ic a l and hum an. M ain tenance 
p ro g ra m m e s  have to be im p lem en ted  e ith e r  in a sso c ia tio n  with a 
su p p lie r  o r in -h o u se  o r a com bination  of both.
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C o n tro l S ystem s;
R e tu rn  on in v es tm en t a n a ly s is  h as  to  be a continuous auditing  function  
long a f te r  the  new technology  is  in use and not p u re ly  a s  a m eans of 
ju stify in g  the  in itia l  a cq u is itio n . S ystem s of m e a su rin g  u tilisa tio n  
and e ffic iency  have to be app lied  r ig o ro u s ly .
P eo p le :
C om m unication  w ith b lue c o lla r  em ployees on pending new technology  
m ust be m in im ised  and delayed until the point of in tro d u c tio n  of the 
new technology. A t th is  point only those  blue c o lla r  em p loyees d i r e c t ­
ly  a sso c ia te d  need to  be involved in  the  com m unication . Shifts in  
em ploym ent w ill be in ev itab le  and people have to  be  given c le a r  
in s tru c tio n s  on what th e se  sh ifts  w ill m ean  to  th em  in  te rm s  of wage, 
conditions and o th e r fa c to rs . R edundancy m u st be a la s t  r e s o r t  fo r  
m anagem en t b e c a u se  it is  co stly  in  te rm s  of finance  and hum an sk ills . 
In c re a se d  output, new p ro d u c ts  and the  c re a tio n  of new and la r g e r  
m a rk e ts  a re  the  b e s t a lte rn a tiv e s .
T he  sk ills  and know ledge of sp e c ific  em ployees w ill in c re a s e  p a r t i ­
c u la r ly  c ra f tsm e n  and w hite c o lla r  s ta ff p la n n e rs . T he developm ent 
of te a m s , a s  p re v io u s ly  s ta te d , is  v ita l  to  the su c c e s s  of the  new 
technology  e sp e c ia lly  a s  re la te d  to  the  above le v e ls  of em ployee.
Som e re s is ta n c e  w ill be encoun tered  when c ra f ts m e n 's  ta sk s  have to  
be in te g ra te d  due to  the  m erg in g  of tech n o lo g ies . T h is  r e s is ta n c e  
can be m in im ised  if c o n s id e ra tio n  is given to  job se c u r i ty , s ta tu s  and 
the  in te r  group re la tio n sh ip s  betw een  c ra f ts .
T he in fluence  and pow er of a u th o rity  as re la te d  to d ec is io n s  d ire c tly  
a s so c ia te d  w ith the  te c h n ic a l n a tu re  of the  ta sk , w ill m ove away fro m  
the  lin e  su p e rv is o r  to w ard s  the  c ra f tsm e n  and a fo rem en tio n ed  w hite 
c o lla r  p lan n e r.
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8 .4  - GENERAL RECOMMENDATIONS.
M anufac tu ring  in d u s try  a ll  o v er the  w orld  is  under in c re a s in g  econo­
m ic , so c ia l and p o litic a l p r e s s u r e s  to p roduce  h ig h e r volum e p ro ­
duction at lo w er unit co st and w ith red u ced  hum an e ffo rt. Indeed, it 
has been  fo re c a s t  th a t tu rn o v e r  in p roduction  en g in eerin g  by the  y e a r  
2000 A D ,, w ill show a ninefold in c re a s e  com pared  w ith th a t of 1960 
(42). A t the  sam e  tim e , it should  be noted th a t a co m p a ra tiv e ly  sm a ll  
in c re a s e  in population  has been  p re d ic te d  fo r  the  in d u s tr ia l  na tions. 
A ll round  the  w orld  s ta n d a rd s  of liv ing  a re  going up and w orking  
h o u rs  a r e  d e c re a s in g . T he re q u ire d  p ro d u c tiv ity  p e r  w o rk e r m ust 
th e re fo re  in c re a s e  eno rm o u sly . O ver the  next 25 to 30 y e a r s ,  the  
"seco n d  in d u s tr ia l  rev o lu tio n "  w ill continue to  a c c e le ra te .  P ro d u c t-  
tio n  and m an u fac tu rin g  m ethods and techn iques w ill have to  change 
and im p ro v e  at an e v e r - in c re a s in g  ra te .  T he m an u fac tu rin g  m ach ine  
shops of today  w ill g rad u a lly  be re p la c e d  by com ple te  m an u fac tu rin g  
sy s te m s , w hich w ill o p e ra te  under th e  co n tro l of la rg e  co m p u ter 
sy s te m s .
T h is  r e s e a r c h  h as been  co n ce rn ed  w ith the  next s tag e  of tech n o lo g ica l 
developm ent b e fo re  the  abovem entioned  la r g e r  c o n tro l sy s te m s  
becom e a r e a l i ty  and the effect and im pact of new techno logy  on the 
e n te rp r is e  as it is  known today . .The in tro d u c tio n  to the  th e s is  
e x p re sse d  the  need and im p o rtan ce  of th is  r e s e a r c h  p ro je c t id en tify ­
ing v a rio u s  a u th o r itie s  who have shown co n ce rn  fo r  the  im pact and 
effect of new tech n o lo g ies . T he th e s is  w ill now te rm in a te  w ith som e 
g e n e ra l reco m m en d a tio n s  d raw n fro m  the o v e ra ll w idth of the 
r e s e a r c h  and d ire c te d  at th e se  a fo rem en tio n ed  a u th o ritie s  as fo llo w s:-
o G overnm ent.
T he s ta te m e n ts  g iven below  a re  concerned  w ith p o lic ie s  which 
a re  reco m m en d ed  to  be  adopted by governm ent to  a s s i s t  in the 
fu r th e ra n c e  of new techno log ies in m an u fac tu rin g  in d u stry .
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1. R eg ional and n a tio n a l m anpow er p o lic ie s  a re  re q u ire d  to 
d ea l w ith the  changes in in d u s tr ia l  and sk ill  p a tte rn s  
b rough t about by new tech n o lo g ica l change.
2. P ro v is io n  of governm en t p ro cu re m en t to upgrade  the  te c h ­
n ica l lev e l of in d u s try  and to  couple new technology  m o re  
e ffec tiv e ly  to  c o llec tiv e  so c ia l needs,
3. E n co u rag em en t of g re a te r  m obility  of s c ie n t is ts  and 
en g in e e rs  engaged in la b o ra to ry  w ork, such  as the  N ational 
E n g in ee rin g  L a b o ra to ry  at E as t K ilb rid e , to  m ove f re e ly  
in to  public and p r iv a te  in d u s try  on sh o rt te rm  c o n tra c ts .
4. In c re a s e  the  in cen tiv es  such  a s  tax  and o th e r  re w a rd s  to  
m an u fac tu rin g  in d u s try  to  e n su re  continued tech n o lo g ica l 
innovation.
T ra d e  U nions.
T he  s ta te m e n ts  below  a re  d ire c te d  at both n a tio n a l and p lant
lev e l t r a d e  union o ffic ia ls  -
1. T ra d e  unions in  g e n e ra l have to follow  th e  exam ple of the  
A sso c ia tio n  of P ro fe s s io n a l ,  E xecu tive , C le r ic a l  and 
C om puter Staffs (APEX) and se t up w ork ing  p a r t ie s  to 
study  the  im pact of new technology  on th e i r  own m e m b e rs  
in a ll  se c tio n s  of in d u s try .
2. New technology  in v es tm en t has to  be m o re  c le a r ly  e n c o u r­
aged  by both na tional and p lan t le v e l t ra d e  union o ffic ia ls . 
No d isc u ss io n  im p lie s  r e s is ta n c e  and tends to  c o n s tra in  
e m p lo y ers  and o th e rs  in  th e ir  d e lib e ra tio n s  on the d ec is io n  
to  in v es t in new tech n o lo g ies .
3. T ra d e  unions have to  educate  th e i r  p lan t le v e l o ffic ia ls  on 
how b e s t to  develop s tra te g ie s  to  nego tia te  w ith em p lo y ers  
on the  in tro d u c tio n  of new tech n o lo g ies . T h e se  s tra te g ie s  
should  include the  encouragem en t of new technology  in 
exchange fo r  a lte ra t io n s  to  w orking h o u rs  and flex ib ility  on 
the  m ovem ent of m e m b e rs  d isp laced  by the  new tech n o ­
lo g ie s .
U n iv e rs i t ie s ,
T he follow ing s ta te m e n ts  a re  d ire c te d  at u n iv e rs it ie s  and
in s titu tio n s  of advanced technology and su g g est ac tio n  as
fo llow s;-
1. C re a te  an  a w a re n e ss  and a capac ity  fo r  a s s im ila tio n  of 
new techno log ies m ade and used  e lse w h e re  in  the  w orld .
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2, T ra n s m it  know ledge re la te d  to  new tech n o lo g ies  to in d u s try  
th rough  the  teach in g  p ro c e s s ,
3. P ro v id e  sk ills  and re s o u rc e s  fo r the p e rfo rm a n c e  of app lied  
r e s e a r c h  and tech n o lo g ica l developm en ts.
4. A dopt new s tra te g ie s  such  a s  th o se  reco m m en d ed  in  the  
F in n is to n  R epo rt which w ill give the  en g in eerin g  p ro fe s s io n  
a m uch h ig h er s ta tu s  and s tro n g e r  em p h asis  in B rita in , 
thus s tim u la tin g  the  im p o rtan ce  of new techno logy  to  the  
in c re a s e  of w ealth  of B rita in .
5, E n co u rag e  m o re  app lied  r e s e a r c h  on the  r e a l  consequences 
of new techno log ies to w ard s the m in im is in g  of so c ia l and 
econom ic p ro b le m s.
o M anufac tu ring  In d u stry ,
T h e se  s ta te m e n ts  a re  in  add ition  to th o se  d e ta ile d  in  sec tio n
No: 8, 3 of th is  ch ap te r and co v er m o re  g e n e ra l ac tio n  re q u ire d
by in d u s try  a s  re la te d  to  new tech n o lo g ies .
1. M axim um  use  has to  be m ade of e m p lo y e rs ' a sso c ia tio n s  
fo r  the  in te rch a n g e  of in fo rm a tio n  re la te d  to  new tech n o ­
lo g ie s . C u rre n tly  the  w ork of th e se  a sso c ia tio n s  se e m s to 
be  h ighly  g e a re d  to  re so lv in g  in d u s tr ia l  r e la tio n s ' d isp u tes  
w hich to som e o b se rv e rs  is  a som ew hat negative  ro le .
2. T he d eg ree  of r i s k  a sso c ia te d  w ith new technology  has to 
be sh a re d  not only w ith in  p r iv a te  in d u s try  but to  e x te rn a l 
a u th o r itie s  such  as governm ent ag en c ie s . H ow ever the  
b en e fits  of knowledge re la te d  to the  new techno logy  have 
a lso  got to  be d iffused  w ithout n e c e s s a r i ly  endangering  
com petitive  advan tages.
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3, T he abovem entioned  d iffusion  of in fo rm a tio n  on new te c h ­
nolog ies is  in tim a te ly  bound up w ith, and co m p lem en ta ry  
to , in v es tm en t, education  and m anagem en t. If it is  a 
ra d ic a l  new technology, it m ay re q u ire  changes in  p r o ­
duction  m ethods, com pany o rg an isa tio n  and the  sk ill  
r e q u ire m e n ts  of m anagem ent and the  w ork  fo rc e , as has 
b een  show n in  th is  r e s e a r c h  th e s is .
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APPENDIX A
Recent com m entary  by the under noted au tho rities ind icates the in c re a s ­
ing concern and attention being devoted to the effects of new technology 
in industry , A fu lle r descrip tion  on the attitudes of each of the under­
m entioned au tho ritie s is given in th is appendix under the  heading of:- 
o Governm ent 
o T rad e  Union
o U n iversities and Institu tions of H igher Technology,
o M anagem ent C onsultants to Industry  and Governm ent,
o E m ployers, 
o P ro fe ss io n a l Institu tions.
Governm ent
" New technology should not lead  to the m assive  leve ls  of unemploym ent 
p red ic ted  by som e fo re c a s te rs . M ic ro -e lec tro n ics  offered a b e tte r  
p rospect fo r the in d u stria l and econom ic fu ture  of the country and hence 
employm ent, than probably any o ther advances since the. industria l 
revo lu tion ."  L ord  Cow rie, Em ploym ent M in ister. O ctober 1978.
"T h e  G overnm ent's ac tiv itie s  in the field  of m ic ro -e lec tro n ic s  cover - 
encouraging the developm ent of the sem i-conducto r industry , 
prom oting the application of m ic ro -e lec tro n ic s , 
an exam ination of the employm ent and soc ia l consequences.
M ic ro -e lec tro n ics  is  only one fac to r in technological change. Many of 
the studies which have claim ed to  show the effects of m ic ro -e lec tro n ic s  
have in fact dealt with technological advance in a m uch w ider sense . We 
have concentra ted  as fa r  as possib le  on those a re a s  w here the im pact of 
m ic ro -p ro c e sso rs  is la rg e  in re la tio n  to o ther soc ia l and technological 
developm ents and which can be identified as of sufficient im portance to 
be worthy of study in  th e ir  own righ t. " C en tra l P o licy  Review Staff, 
National Econom ic Developm ent Council, Novem ber 1970.
"A m odern in d u stria l nation m ust live by technical advance in m anu­
facturing  - not only the ra d ic a l o r discontinuous innovation which m ay
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produce rocke ts , X -ray  scan n ers  o r float g lass but the le s s  d ram atic  
continuous, v a rie ty  which takes p lace every  day. A s t r in g  of studies on 
technical advance - often calling it "technical change" to avoid any 
im plications of m o ra l judgm ents - have estab lished  that it is  fa r  le s s  
affected by lab o ra to ry  d iscoveries than many people think: that, although 
sc ience is im portant in m anufacturing technical change is  not usually 
caused by the new use of sc ien tific  knowledge. Change should instead  be 
re la ted  d irec tly  to techn ical and com m ercial sk ills . " M ichael F o re s , 
Governm ent Econom ic Service, D epartm ent of Industry , Novem ber 1977.
T rad e  Union.
"B ritish  T rad e  Unions w ere  advised recen tly  to launch th e ir  own re se a rc h  
into the im pact of new technology on working life  and not to le a rn  about it 
through m anuals w ritten  by com puter engineers o r em ployers. "
P ro fe s s o r  K ris ten  Nygaafd, Norwegian T rad e  Unionist and Com puter 
Specialist. D ecem ber 1978.
"New technology was eating away at the human content of the  w orkplace 
to such an extent that people would soon be faced with nothing sho rt of the 
collapse of work. Econom ic fo rec as ts  in the U .K ., and W est G erm any 
indicated that on p resen t po lic ies th e re  could be 5 m illion  unemployed in 
each country by the  la te  1980s. " Clive Jenkins, G enera l S ec re ta ry  of 
the A ssociation  of Scientific T echnical and M anagerial Staffs. Septem ber 
1978.
"The urgent need fo r Governm ent action to avoid a fu rth e r  m assive  r is e  
in unemployment from  the advance of new technology was m ade a fro n t­
line  issue  in a m ajo r debate on employment problem s on the opening day 
of the T .U .C . C on ference ."  T .U .C , Conference 1979,
"The em phasis of d iscussions to end the six-w eek blackout in independent 
te lev ision  has changed m arkedly  from  the beginning of the dispute. Then 
it was a s tra igh tfo rw ard  pay issue  - now the key issu e  to both sides is  new 
technology." F inancial T im es, Septem ber 1979.
/ ...........
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T he advance of m ic ro -e lec tro n ic s  has a lready  led  to job lo sse s  in key 
industries  and se rv ice s  in W estern  Europe, and the p ro cess  will a cce le ­
ra te  in the 1980s unless governm ents mend th e ir  econom ic ways. T his 
is the conclusion of a m ajo r new study on The im pact of m ic ro -e le c tro n ­
ics on em ploym ent in W estern  E urope in the 1980s, published th is week 
by the B ru sse ls -b a se d  European T rad e  Union Institu te ,
The in stitu te , which is  the re s e a rc h  a rm  of the E uropean T rad e  Union 
Confederation, ch arts  the im pact of the introduction of chip technology 
in the la s t few y e a rs  and m akes the following conclusions,
o The w orst job lo sse s  have been felt f i r s t  by in d u strie s  in whose p ro ­
ducts e lec tro -m ech an ica l p a r ts  have been rep laced  by m ic ro ­
e lec tro n ics , In c re a se s  in the output of these  goods have not fully 
com pensated job lo sse s  resu ltin g  from  the d ram atic  d e c rea se  in 
com ponents which go into the final assem bly . In one electron ic  te lex , 
fo r exam ple, a single m ic ro p ro ce sso r takes the p lace of 936 
m echanical p a r ts , and the new m achine takes ju st 17, 7 m anhours to 
put together, com pared  with 75. 3 hours needed fo r the old one. 
Industries affected include w atches, cash re g is te r s , office and te le ­
com m unications equipm ent,
o The use of m ic ro -e lec tro n ic s  in products has a lso  affected the location 
of m anufacturing. T h ere  is a tendency, says the rep o rt, fo r com ­
ponents to account fo r a b igger p roportion  of both the value and the 
employm ent content of the final product. T h is works in favour of the 
dominant Japanese  and U. S , , sem iconductor m anu fac tu rers , and 
against em ploym ent in Europe.
o Jobs have a lso  been lo st in the application of chips to industria l 
p ro c e sse s . P rin tin g  is  one example; assem bly  over a wide range of 
in d u strie s , including c a rs , is  another.
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o S erv ices, which have expanded consisten tly  in Europe over the past 
decade, a re  a lso  beginning to fee l the pinch. Banking, in p a rticu la r, 
has ceased  its  heady growth of the early  1970s and in  a num ber of 
countries expansion has come to an end.
P o lic ie s . The o v era ll employm ent effects of the new technology in the 
1980s, concludes the rep o rt, w ill depend on governm ents ' economic 
po lic ies. The m ain concern  at the  m oment is that "the application of 
technology is  being advocated by national governm ents and em ployers,
not in te rm s  of the potential demand that can be re a lis e d .....................but
as a way of m aintaining o r increas ing  the com petitiveness of national 
econom ies and so gain la rg e r  sh a re s  of stagnant w orld tra d e . F ro m  an 
in ternational o r even from  a W estern  European perspec tive , such an 
approach is se lf-defea ting , "
The in stitu te  a lso  adds that, to  h a rn ess  the new technology fo r the 
general good, the tra d e  unions will need to be involved.
The Union of Shop D istribu tive  and A llied W orkers (USDAW) the la rg e s t 
shopw orkers ' union with 469, 000 m em bers offered ta lk s  to plan the 
in troduction of la se r-sc a n n in g  e lectron ic  checkouts. T he chairm an  of 
the E m ployers ' A ssocia tion  sta ted  that " la s e r  scanning and a r tic le  
num bering was the m ost dynamic development in U. K ., re ta in ing  since 
the introduction of se lf -s e rv ic e . " London C onference - A rtic le  
Num ber A ssociation . Novem ber 1979.
U n iv e rs itie s .
The D epartm ent of Human Sciences and Advanced Technology (HUSAT) 
re s e a rc h  group at Loughborough U niversity  of Technology has set up a 
re s e a rc h  p rogram m e to be concerned with hum an fac to r p rob lem s, 
p a rticu la rly  in m ethods of applying advanced technologies, ranging over 
m any problem s from  the effects of com puterisa tion  and autom ation to 
the evaluation of p a rtic u la r  exam ples of complex m achinery . June 1979.
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D r, Jam es U tterback  of MIT sees the dilem m a fo r com panies in e s tab ­
lished  technology: to begin with, the new technology has a high unit cost, 
and m ay not seem  a th rea t. But, as production volum es and com petition 
in c re ase , it quickly p ro g re sse s  down a learn ing  curve and becom es 
much cheaper. By then, it m ay be too la te  fo r the estab lished  company 
to move into the new technology. Equally it m ay be too la te  fo r it to 
im prove and cost reduce, the old technology to m ake it com petitive 
again (the low er of the two dotted lines - Unit C osts = How New Techno­
logy Can Oust the Old - o r Vice V ersa),
Co s t
C L Ù  y
/^ 7 /eo O i/C T fO * ^
-457-
’'T he  im portance of the  m ic ro -p ro c e sso r  revolution is  s t i ll  com pletely 
underestim ated  in B rita in  both in te rm s  of its  employm ent consequences 
and of its  o v e ra ll econom ic consequences. T his is  p a rtly  because the 
"autom ation sc a re "  of the 1950s did not m a te ria lise  o r m ate ria lise d  
ra th e r  slowly and in a m uch le s s  d ram atic  way than had been pred ic ted  
by som e of the early  prophets of com puterisation . New technologies 
such as m ic ro -p ro c e sso rs  a re  ex trem ely  sm all, ex trem ely  re liab le  and 
ex trao rd in a rily  cheap. M oreover they a re  coming in at a tim e  when 
th e re  now ex is ts  a fa ir ly  la rg e  pool of skilled people (although not la rg e  
enough) a lready  fam ilia r  with e lec tron ic  com puter technology and system s 
analy sis . The sca le  of applications in the UK has so fa r  been too sm all 
to  have percep tib le  effects on the aggregate  em ploym ent tren d . The 
im pact w ill come in the 1980s and 1990s and it w ill take  a new cycle of 
investm ent in m anufacturing and the  se rv ice s  before  the  fu ll consequences 
a re  fe lt."  P ro fe s s o r  C h ristopher F reem an , P ro fe s s o r  of Science 
P o licy  at the Science P o licy  R esearch  Unit, U niversity  of Sussex,
"M ore autom ation and g re a te r  use of robots in m anufacturing industry  - 
up to a  leve l common among B rita in 's  in d u stria l r iv a ls  - was called  fo r 
in a re p o rt p rep a red  by the G overnm ent's Advisoiy Council on Applied 
R esearch  and Developm ent (ACARD), C ountries - such as  Japan,
A m erica  and W est G erm any, which w ere m aking the g rea te s t use of the 
new m anufacturing technologies - found that an in c reased  demand fo r 
sk illed  people m ore  than  offset the in itia l unem ploym ent. T h e re  would 
be a need fo r a m ajo r shift in in d u stria l re so u rc e s  to  the new technology.
R ep o rt's  p rinc ipal recom m endations a re  that:
o The ro le  of in troduction of autom ated m anufacturing techniques into 
UK industry  m ust be acce lera ted , 
o National cen te rs  fo r dem onstra ting  the new technologies m ust be 
estab lished ,
o Governm ent and industry  should work out the best way of estab lish ing  
a B ritish  robo tics industry , 
o F a c ilitie s  to prom ote the  use of the m ore cap ita l-in tensive  new 
welding techniques a re  needed,
/ ----------------------  -458-
o Adhesive bonding should be used m ore widely by industry , 
o Education p rog ram m es m ust re flec t the m ost advanced ideas in jo in ­
ing and assem b ly  operations, 
o U n iversities and polytechnics should have m ore  specific  ro le s  in 
introducing the new technologies like those used in W est Germ any. " 
S ir H enry C hilver, C ranfield  Institu te  of Technology.
E m ployers.
" i f  B ritish  industry  is to succeed, it m ust succeed in developing and 
applying new technology as well as o r b e tte r  than its  com petito rs. T h ere  
is a sk ill shortage  and that could grow as m ore new technology becom es 
available demanding m ore sk ills , " S ir A lis ta ir  P ilk ington  fo r C .B .I ,
Institu tions.
"T echnolog ical and Scientific exploration - in the b ro ad est sense  - 
c re a te s  the  po ten tial fo r invention and fo r change. When im plem ented 
com m ercially , m ajo r technological change w ill often have consequences 
on the natu re  of work; on jobs, and possib ly  on the environm ent. Such 
consequences can be socia lly  d esirab le  o r 'no t, " T he P roduction
E ngineer, 1976,
"A sp ec ts  of in d u stria l policy  in which a consensus approach is  req u ired  
include support fo r  exports , r e s e a rc h  into new technologies and m ethods 
of im proving productivity . ” B ritish  Institu te  of M anagem ent. 1978.
♦'The Institu tion  of P roduction  E ngineers in the UK and the  A m erican  
Institu te  of In d u stria l E ngineers have co-sponsored  a US and European 
Conference group to d iscuss new m anufacturing technology and how it 
should be m anaged. " Novem ber 1979,
C onsultants.
"B r itish  Com panies m aybe slow to adopt m ic ro -e lec tro n ic s . They m ay 
be se v e ra l y e a rs  behind com peting nations in the application of e lec tro n ­
ics , But, th e re  is no doubt that B ritish  m anagers a re  very , ve ry  aw are
/ # •  •  •
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of th e ir  potential im pact. If th e re  is one a rea  which is  going to be 
affected m ost, it is  m echanical engineering. On the one hand it is  ha rd  
to see  a bolt hole fo r the unskilled and sem i-sk illed  once the  new tech ­
nologies have m ade in -ro ad s  upon m echanical and genera l engineering, 
upon trad itio n a l a re a s  of m anufacture and indeed on the la rg e s t a re a s  of 
se rv ice  employm ent.
If aw areness leve ls  in the UK m aybe ris in g  fast, th is  probably owes 
much to those tra d e  unions which have expressed  a la rm  at both the 
possib le  effects on em ploym ent and at m anagem ent's unpreparedness , "
P , A, M anagement Consultants fo r the D epartm ent of Industry .
"M ost successfu l com panies in B rita in  have been found to have - 
o A c lea rly  defined h ie ra rch y  of m anagem ent built to  constra in  and 
d iscip line its  w orkforce to produce standard  resp o n ses  to standard  
c ircu m stan ces,
o F inancial p ro ced u res designed to  control, and by that e lim inate the 
growth of p e rip h e ra l r isk y  expenditure on p ro jec ts  tha t a re  not cen tra l 
to  the com pany's purpose, 
o Accountant led m anagem ent, orien ted  to sh o rt te rm  goals, 
o P roduct plans built round m arketing  and selling  pow er, p rice  and 
PR  ra th e r  than new and th e re fo re  r isk y  technology, 
o R elative ignorance of Japan and Taiwan, ”
P .A , C onsultants, Novem ber 1979,
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A PPEN D IX  B
DATES OF PA RTICU LA R SIGNIFICANCE IN TH E HISTORY 
OF DEVELOPM ENT O F MEASURING INSTRUMENTS AND
MACHINES
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A P P E N D I X  B
S IG N IF IC A N T  D A TE S  IN  T H E  H IS TO R Y  OF D E V E L O P M E N T  OF 
M E A S U R IN G  M A C H IN E S
1855 Joseph  W h itw o r th  e x h ib its  h is  m e a s u r in g  m a ch in e
w h ic h  w as a l in e a r  typ e  o f m a ch in e  based  on end 
m e a s u re m e n t.
1862 F o u n d a tio n  o f S oc ié té  G enevo ise  d 'in s t ru m e n ts  de 
P h ys iq u e  (S. I .  P , ) as a c o rp o ra t io n  in  G eneva fo r  the 
m a n u fa c tu re  o f p h y s ic a l in s tru m e n ts .
1863 P ro fe s s o r  M a rc  T h u ry  b u ild s  the  f i r s t  L in e a r  D iv id in g  
M a ch in e  w ith  m eans to  c o r re c t  the e r r o r s  o f the  lea d  
s c re w  and a te m p e ra tu re  c o m p e n s a to r.
1875 S ig n in g  o f the " In te rn a t io n a l M e te r  C o n v e n tio n "
in  P a r is ,
1909 C o n s tru c t io n  o f the  f i r s t  in d u s t r ia l  m e a s u r in g  m a ch in e
w ith  o p t ic a l re a d in g  on a S tandard  S ca le , m e a s u r in g  
le n g th  o f 40 in . (1 m e tre ) ,
1921 S. I .  P . m a n u fa c tu re  the M P -4  the  f i r s t  in d u s t r ia l  j ig
b o re r ,
1924 F o u n d in g  o f the M o o re  S p e c ia l T o o l C om pany in
B r id g e p o r t  C o n n e c tic u t in  1924, s p e c ia lis in g  in  
h ig h ly  a c c u ra te  gauges and d ie s ,
1930 S. I ,  P . M a n u fa c tu re  and m a rk e t the  f i r s t  th re e
c o -o rd in a te  m e a s u r in g  m a ch in e - c a lle d  the  M U -2 1 4 B  
w ith  a ra n g e  o f 6" x  16" x  4" fo r  th e  Z , X  and Y  
a x is  re s p e c t iv e ly .
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APPENDIX B (Cont’d)
1932
1934
1940
1950
1950
1959
1960
1961
1962
1963
1965
1965 to  
D ate
M o o re  d e s ig n s  and m a n u fa c tu re rs  h is  f i r s t  j ig  b o re r .
S, I .  P . deve lop  a j ig  b o re r  w ith  o p t ic a l s e tt in g s  c a lle d  
th e  H y d ro p t ic .
M o o re  in v e n ts  the j ig  g r in d e r .
M o o re  c o n v e rts  a j i g  b o re r  to  p e r fo rm  as a u n iv e rs a l 
m e a s u r in g  m a ch in e .
S. I .  P . deve lop  the  w o r ld ’ s f i r s t  lo n g itu d in a l d iv id in g  
m a ch in e  and lo n g itu d in a l c o m p a ra to r  c o n tro lle d  b y  
m eans o f p h o to -e le c t r ic  m ic ro s c o p e s ,
F e r r a n t i  L t d . ,  S co tland , m a n u fa c tu re  and m a rk e t 
th e  f i r s t  c a n t i le v e r  c o -o rd in a te  m e a s u r in g  m a ch in e  
f o r  in d u s t r ia l  use c a lle d  the  F I - 22.
S. I .  P . have so ld  900 o f th e ir  o r ig in a l  th re e  c o -o rd in a te  
m e a s u r in g  m a ch in e  f i r s t  m a rk e te d  in  1930.
S. I .  P . m a n u fa c tu re  and m a rk e t the  T r io p t ic  m e a s u r in g  
m a c h in e .
D ig in a l E le c t ro n ic  A u to m a tio n  (D . E . A .  ) T u r in ,  I ta ly  
a re  founded  w ith  s u p p o rt f r o m  F ia t ,  to  p ro d u ce  th re e  
c o -o rd in a te  m e a s u r in g  m a ch in e s .
L e itz -S tra s m a n n  o f W est G e rm a n y  in tro d u c e  th e ir  
u n iv e rs a l m e a s u r in g  m a ch in e ,
D .E .A .  m a rk e t  the f i r s t  b r id g e  type  c o -o rd in a te  
m e a s u r in g  m a ch in e .
S e v e ra l w e ll  know n gauge m a n u fa c tu re rs  b e g in  to  
m a rk e t  th re e  c o -o rd in a te  m e a s u r in g  m a ch in e s  n a m e ly :
G .E . Johanson, B ro w n  and S harpe , C a r l  Z e is s  e tc .
T w e n ty - fo u r  f i r m s  m a n u fa c tu r in g  th re e -c o -o rd in a te  
m e a s u r in g  m a ch in e s  in  n ine  d if fe re n t  c o u n tr ie s
th ro u g h o u t the w o r ld  (6). -4 6 3 -
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A P P E N D I X  C
M o ire  F r in g e  P r in c ip le
W hen m e a s u re m e n t is  re q u ire d  o f r e la t iv e  m o ve m e n t be tw een 
tw o  p a r ts ,  th is  can be ob ta ine d  u s in g  M o ire  F r in g e s .  A n  
o p t ic a l sca le  is  f ix e d  to  one p a r t  and a s m a lle r  sca le  w ith in  a 
re a d in g  head is  f ix e d  to  the o th e r  m o v in g  p a r t .
The o p t ic a l sca le  c o n s is ts  o f e q u a lly  spaced l in e s  p la c e s  a t 
in te r v a ls  and t r a n s fe r re d  in  m u lt ip le s  such th a t the a ve rag e  l in e  
p la c e m e n t is  e x tre m e ly  l in e a r .  M o ire  F r in g e s  a re  fo rm e d  w hen 
tw o  such g ra t in g  s ca le s  a re  c ro s s e d . These  f r in g e s  a re  fo rm e d  
a t r ig h t  ang les  to  the  e q u a lly  spaced lin e s  o f the  sca le s .
D ire c t io n  in fo rm a t io n  is  a lso  ob ta ined  because the  f r in g e s  m ove  
in  o p p o s ite  d ire c t io n s  f o r  p o s it iv e  and n e g a tive  m o ve m e n t o f 
the  p a r ts .
In  th e  t ra n s m is s io n  case u s in g  tw o  g lass  g ra t in g s , a la m p / le n s  
a rra n g e m e n t p ro v id e s  a c o ll im a te d  beam  fo r  i l lu m in a t io n ,  and 
fo u r  p h o to c e lls  p ic k  up the  f r in g e s  to  p ro v id e  tw o  e le c t r ic a l  
phases in  q u a d ra tu re , e. g, s ine  and co s in e  w ave fo rm s .  
E le c t ro n ic  o p e ra tio n s  a re  the n  p e r fo rm e d  on th e  w ave fo rm s  
depend ing  on the  re q u ire m e n t o f the a p p lic a t io n  (e. g. d ig i ta l  
re a d -o u t) .
A  v a r ie n t  on the  te ch n iq u e  u t i l is e s  s ta in le s s  s te e l r e f le c t in g  
s ca le s  w h ic h  p ro v id e  f r in g e s  and subsequent e le c t r ic a l  ou tp u ts  
in  an id e n t ic a l m a n n e r as d e s c r ib e d  above.
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A WORLDWIDE REVIEW OF MANUFACTURERS AND TH EIR  
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Co-ordinate measuring machines
A world-wide review of manufacturer: 
and their systems
•s
Sam Black
MBA CEng MIProdE 
FIQA A M B IM
IN February and April 1974, Metrology and Inspection 
published two articles entitled Co-ordinate Measuring 
Machines -  a Heview. These articles concentrated mainly 
on the UK market including both manufacturers in the 
UK and agents for manufacturers from other countries. 
Since that time there has been considerable development in 
this field of metrology.
Sam Black, Quality Control Manager at Caterpillar 
Tractor Co Ltd, Glasgow, Scotland has been carrying out 
applied research towards the preparation of a dissertation 
for a Ph.D Degree within the Department of Manage­
ment Studies at the University of Glasgow. The major 
theme of his research has been concerned with the co­
ordinate measuring machine user and the organisational 
problems, training, improved production systems etc. In 
the course of his research for user problems he gathered 
extensive information on the overall width of the current 
market, touching base with manufacturers in Japan, USA 
and Europe. His findings make it possible not only to 
publish an update on the 1974 Review but also to look 
much wider and see what the world offers.
The world of three-axes co-ordinate measuring 
machines is dominated by twenty-three major companies 
manufacturing in nine different countries (Table 1) 
stretching from organisations such as Ferranti Ltd here in 
the UK, to manufacturers like Makino and Tokyo- 
Seimitsu in Japan. From a point of view of types of design 
each manufacturer offers most*of the known varieties 
namely. Bridge, Portal, Cantilever, Universal or Bencht 
and capacities for standard machines vary from anything 
as small as 125mm axis movement to a maximum of 
almost 10 000mm on the x axis: the most popular size falls 
between the 500 and 1000mm range. The quite recent 
development of horizontal spindle machines equipped with 
rotary tables to provide a fourth axis represents a new 
departure which opens up the possibility of rotating quite 
large workpieces on a machine whose measuring strokes 
are nominally of only limited capacity.
Many companies have franchise arrangements between 
one country and another, thus extending their individual 
markets while guarding their basic patents and licence. 
This kind of arrangement tends to standardise design 
somewhat, although the concept of the co-ordination of 
three-axes over a basic surface plate tends in itself to limit 
the extent of difference in design. One aspect which 
appears to be limited only by imagination is the software 
and peripheral equipment surrounding the basic machine 
and this seems to be the significant difference between 
those organisations who have been longest in the CMM 
business and the newer groups. Indeed since the last 
review of CMM made in Metrology and Inspection in 
February/March 1974, this advance in peripheral equip­
ment has been quite dramatic and some aspects of this will 
be discussed in detail later.
Referring again to the 1974 Review, while several com­
panies mentioned have grown, advanced and even 
diversified in the last three years, some have pulled out of 
the business altogether either as an agent or manufac­
turer. During the research for this article the author found 
thirty-nine companies in the USA ail in the business of 
measiiring machine manufacture; however after deeper 
investigation there are only five major companies actually 
in the business, although there are several special purpose 
manufacturers which we shall also describe later. Table 2 
lists the main machines available today and their chief 
characteristics.
tPor the purpose of this article and because of the complexity of 
current types, a bench machine describes one which has a piiiar 
behind the worktable on which an arm of adjustable height is 
carried. Z axis movement then derives from a vertical spindle at 
its outer end. To distinguish cantilever from the more recent 
horizontal spindle machines, the latter are those which have a 
pillar-type construction which is either fixed or moving to give x 
axis motion but through which a horizontal spindle passes to pro­
vide a y axis, the spindle moving up or down within the column 
for z axis motion. Similarly, portal machines are defined as having a 
fixed bridge structure, under which the table passes, bridge-type 
machines have a travelling bridge structure, while gantry machines 
have fixed columns and a travelling gantry, it must be noted in 
many instances that no clear-cut distinctions are possible as many 
machines incorporate one or more features from other types.
Sam Black is the Quality 
Control Manager of the 
Caterpillar Tractor Co 
Ltd facility 10 miles 
east of Glasgow. Last 
year he enrolled as a 
part time student at 
Glasgow University via 
the Scottish Business 
School to do applied 
research for a PhD 
Doctorate w ithin the 
Department of Manage­
ment Studies.
Part of Black's work is concerned with  
researching the changing technology within the 
machine shop and the effect this is having on the 
users and organisation structures of the enterprise. 
He has chosen Co-ordinate Measuring Machines as 
an example for this change and is interested in any 
work being done on this subject with respect to 
use, manufacture or further development of the 
concept.
In the course of his research he has studied 
CMM manufacture from many companies and 
countries as far off as Japan and in this respect is 
currently developing an international review on this 
subject.
M errchgy  an<i Insovctton f977 27
-468.
iThe Zeiss U M M  50 0  is a hignly developed computer con­
trolled measuring machine.
East Germany
Prior to the Second World War, there was only one Carl 
Zeiss organisation. Today there are two separate 
companies named Carl Zeiss -  one in East Germany and 
one in West Germany. The Carl Zeiss organisation in East 
Germany is commonly called Carl Zeiss Jena and this 
helps to identify it from that of Carl Zeiss which operates 
out of Oberkochen, West Germany. Both organisations 
naturally continue to make similar products including co­
ordinate measuring machines. The East German Carl 
Zeiss Jena Company offer two basic systems. The first is a 
large rugged gan^ type machine with four pillars 
supporting a mobile gantry and carrying a five probe 
measuring head. It has a capacity of 750 x 750 x 400mm 
and has peripheral back-up equipment such as mini­
computer and teleprinters.
The second system the DK.M02-300 actually offers 
two models. The second model is named the 
DKM1-300D. These machines are of the cantilever 
design and claim greater accuracy than the larger system. 
The capacity is 320 x 220 x  150mm. The major 
difference between the two smaller models is that the 
DKM02—300 is offered with an optical read-out while the 
DKM1-300D has a digital display.
.Among the tools available with these machines are 
special attachments for both vertical and horizontal 
scanning of the work piece. Peripheral equipment such as 
high speed printers, punch tape and mini computer are 
available as part of a modular arrangement.
W est Germany
Carl Zeiss of West Germany offer two basic CMM 
systems namely the UMM 500 and UMM 800. The UMM 
500 is without doubt a highiy comprehensive system of co­
ordinate measuring. It is in terms of design and appiica- 
tion a CMM of tomorrow, aithough we have it today. It 
therefore makes it difficult to justify in a few words of 
description. The basic structure is of the cantilever design 
with the X axis movement coming from the surface table 
and the y and z movements from the cantilever head. It 
has a capacity of 500 x 200 x 300mm. All axes are 
motorized, measuring accuracy per co-ordinate is given as 
± (0-8 + 250 ,uL) mm. The machine is equipped for 
automatic probing, has a star probe, 3d zero point and on­
line desk calculator. Two very neat control panels are 
situated on the right and left knee of the base support.
They carry two joysticks for stage travel and the probing 
in all co-ordinates, the left-hand keyboard is used for pre­
selection of the operating mode of the 3d probe head, the 
right hand keyboard calls up the required measuring 
routines. Data processing is performed with HP98IOA 
desk calculator with alphanumeric printer and an 
integral control panel with exchangeable designation 
masks makes the computer part of the measuring 
procedure. Plotters, typewriters, tape readers and 
magnetic tape cassettes can be connected as peripherals.
The UMM 800 is of entirely different design to the 500 
as it is a rugged bridge system with the whole structure 
moving along a high sided base plate structure. The 
measuring probe head is carried on the bridge and has 
similar control panels with joysticks on the right hand 
knee of the side support. The capacity is 800 x 800 x 
300mm making it suitable for fairly large components and 
special ancillary equipment. The 800 is equipped with the 
same peripheral gear as the 500.
The recent introduction of two further bridge type 
machines aimed at workshop use, the WMM 550 and 
WMM 850, extends the Carl Zeiss range. Evolved from 
the UMM series, these machines use granite for the table 
and beams, incorporate the spatial probing facility and 
joystick control of the UMM machines and cover 
measuring capacities of 550 x 500 x 450mm and 850 x 
700 X 600mm respectively. A CNC option is available, 
making the machines into a fully automatic measuring 
centre.
The Mauser Company offer two models within the 
Komeg system, the KM-Z has a capacity of 2000 x 1200 
X 1000mm and is of a bridge design. The bridge has a 
double pillar support on one side and a single moving 
pillar on the other. This design permits better access for 
loading work pieces but still provides a very robust 
machine. The position of the, drive and measuring systems 
is selected to provide optimum guiding and high 
measuring accuracy (Abbe principle). A Zeiss 3-a^s. 
measuring head is incorporated in this machine, Zetss 
software is used for the computer which is completely 
integrated with the machine function and the worktable is 
motorised for easy movement of the component to the 
probe on the z axis. The KMIOOO-Z has a capacity of 
1000 X 800 X 600mm and is of exactly the same design 
and concept as the larger model.
F. A. G. Kugel Fischer manufacture four models 
ranging from capacities of 400 x 400 x  400mm up to 
3000 X 1800 X 1000mm in the largest model. The design 
of these machines is of the cantilever type with good 
ergonomic location of controls.
Ernst Leitz offer two cantilever designed models not 
unlike the F, A. G. model, except for the special control 
console which is located at the knee position on the front 
of the machine. The two models are the Leitz-Strasmann 
which has a capacity of 1000 x 300 x 200mm and the 
UPM-3D which is an automatic machine with a capacity 
of 200 X ICO X 200mm. More recently Leitz have intro­
duced a portal bridge machine based on granite elements, 
the PMM 864, giving a capacity of 800 x 600 x 400mm. 
This is a CNC machine with a built-in rotary table and 
facility for profile scanning. Full data processing and 
visual display facilities are offered with it.
France
Renault Machine Tools manufacture the MMT 1300 co­
ordinate measuring machine which has a capacity of 1300 
X 800 X 500mm and a claimed resolution of 0.002mm. 
The machine construction is of the bridge type design, 
the base being a solid granite tee-slotted worktable 
supporting a travelling bridge structure running on 
special air bearings along each side of the worktable
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making it easy for rapid manual movement. The 
measuring head runs across the y axis supported on the 
bridge gantry again on air bearings. There are fine micro­
meter adjustments on all axes and a hand pendant control 
is available for easy programming by the operator.
The MMT 1300 has a complete set of probe accessories 
including a multi-directional electronic probe, a rotary 
table and a peripheral back-up of digital readout, 
calculator, printer and plotter. A  further option is the 
availability of a longer base table extending the x axis from 
the standard 1300mm up to 6000mm; the axes can be 
motorised if required.
Italy
There are two prominent manufacturers of CMM in Italy; 
they are Digital Electronic .Automation (D.E.A.) and 
Olivetti. The former is indeed the giant in the CMM 
business in terms of the measuring range and capacities 
offered in their six major systems as well as the standard
models which we will describe shortly. D.E.A. cover many 
special purpose applications especially related to large 
components such as aircraft frames and motor car produc­
tion. The D.E.A. range starts with the' Iota models used 
principally for solving high precision measuring problems 
on parts of small and medium size, the standard model has 
a 760 X 300 X 400nun capacity, while a newly developed 
version has a greater capacity 1320 x 500 x 400mm and 
is capable of accommodating long and narrow piece parts. 
The table is mounted on a three-point base and the bridge 
structure carrying the head moves on air bearings at either 
side of the granite table. Measurement is by direct reading 
optical scales and resolution at the read-out is 0.002mm 
with a seven-digit display plus direction. The Iota models, 
in keeping with other D.E.A. machines, have live 
electronic probes as a feature of the probe range allowing 
measurements to be taken ‘on the fly’ together with 
indexable five position tool holders. The second of the 
D.E.A. range of six basic systems is the Gamma which is
Table 1. Summary of the world's co-ordinate measuring machine producers.
Country
No. of 
companies
No. of models 
or systems
Maximum capacity range 
(mm) Types
East Germany 1 2 X -  750  
y -  750  
z -  400
Gantry
Cantilever
France 1 1 x - 1 3 0 0  
Y -  800 
z -  500
Bridge
W est Germany 4 12 x - 3 0 0 0  
y - 1 8 0 0  
z -  1000
Universal
Bridge
Cantilever
Italy 2 9 X -  9970  
y - 1 6 0 0  
z - 1 0 0 0
Bridge
Cantilever
Gantry
Horizontal
spindle
Japan 3 10 x - 1 2 0 0  
y - 1 0 0 0  
z -  350
Bridge
Portai
Gantry
Cantilever
Sweden 1 4 X -  750  
y — 450  
z -  300
Cantilever
Bench
Switzerland 3 5 X -  700  
y -  500  
' z -  300
Bridge
Gantry
Portal
Cantilever
Universal
Bench
UK 4 14 x - 2 9 5 0  
y -  1130 
z -  1168
Bridge
Cantilever
Portal
Gantry
Bench
Horizontal
spindle
USA 5 26 X -  1830 
y -  760 
z -  915
Bench
Bridge
Portal
Cantilever
Universal
9 Countries 24 83 Largest (Italy) 
X -  9970  
y - 1 6 0 0  
z - 1 0 0 0
7 types
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JThe peripheral equipment which can be added to this 
Gamma machine puts D.EA. into the semi-automatic 
market.
a four pillar gantry-type CMM with a capacity of 1000 x  
800 X 500mm. This machine with additional peripheral 
equipment begins to put D.E.A. into the semi-automatic 
market capable of displaying and recording master 
dimension values, pre-set tolerances, block identification 
numbers and deviations between the theoretical and 
actually measured values.
The remaining D.E.A. systems, namely the Sigma, 
Beta, Delta and Alpha, are the larger capacity group and 
offer various advantages to the user. The Sigma differs 
somewhat from the other models-having a three point 
suspension, system, three columns and springs supporting 
the moving members. With its claimed accuracy of 
±0.01 mm per metre and a measuring envelope of 1800 x  
1000 X (000mm, it is designed principally to overcome 
the problem of making precision measurements on large 
parts without concern for vibrations or workpiece weight.
The Beta family, with eleven models ranging from 
800mm to 9970mm on the long measuring axis, is 
designed basically for the workshop environment. These 
machines are of the four pillar type and come in two 
versions -  standard and super -  the difference being In 
accuracy and resolution. The Beta L line has been 
expanded and comes in models with 4, 6 or 8 supporting 
columns which stand on reinforced concrete foundations, 
lending itself readily to applications such as aerospace and 
off-the-road vehicle industries.
Despite the size of these machines, read-out resolution 
is claimed at 0.01mm and even finer with additional mini­
computer systems. The Delta model is again a four pillar 
structure with the measuring head mounted on a gantry 
traversing between the top teams, this time with a long z 
axis stroke starting at 2050mm, Components such as large 
fabrications are easily measured. The capacity of the 
machine ranges upwards from 5000 x  2400 x  2050mm 
and all axes are motorised. In the most sophisticated 
version, the Delta is supplied with DEAC 1001, one of the 
most advanced integrated circuit stored programme com­
puters now in existence; besides performing normal 
inspection and three dimensional measuring and layout 
operations, it can also execute continuous surface 
scanning with in-line data processing both for inspection 
checks and preparations of tapes for NC milling.
The Alpha CMM is the largest inspection and 
measuring system in the world and can be built to handle 
almost any dimension, although the effective working 
volume can reach 7000 x  2500 on the horizontal plane 
with 2000mm in the vertical plane. The structure of this 
giant is similar to the Delta range, with large supporting 
columns carrying a moving inspection head on a bridge 
system. Like its smaller brother, this machine has all the 
facilities for producing punched tape. An added feature, 
available due to its extra heavy construction, is continuous 
path milling operations on wood, plastics or light metal 
models through the use of an automatic indexing milling 
head.
In addition to the large range of CMM models, D.E.A. 
also offer a wide range of touch finger probes, mechanical 
tooling and modular electronics with computer integra­
tion.
The other major Italian company in the CMM business 
is of course Olivetti, a company with a very wide diver­
sification of interest yet meeting a ready market with its 
special range of co-ordinate measuring machines named 
Inspector. These machines come in three basic systems 
known as the Mini, Midi and Maxi within which there are 
several models offered. The Inspector Mini is a very 
compact cantilever design with a capacity of 170 x 170 x 
170mm stretching to 420 x 320 x  170mm for the three 
models within this system; it boasts an accuracy of 
±2-5^m on average for each axis and each axis has a 
motor driven micrometer adjustment. The middle range 
system. Inspector Midi, is again the vertically presented 
cantilever design with capacities from 800 x 400 x  
255mm up to 1150 x  400 x 405mm within the three 
models offered. It has several interesting features such as 
an angular orientation device, ±30 degrees in the x, y axis 
to facilitate component alignment, and a special rotary 
table.
The largest Olivetti Inspector systems come in two 
distinct designs. The first is of the horizontal type with all 
movements, whether x, y or z, being obtained by moving 
the horizontally mounted probe -  a fourth axis is pcfssibie 
when the rotary table, which is standard, is incorporated. 
There are four models in this system, two Midi and two 
Maxi, with a maximum range of 900 x  1400 x  600mm 
and a claimed accuracy of ±S/um. The second design is 
the vertical bridge type Inspector Maxi, coming in two 
models 900 x  1140 x 405mm and 900 x  1640 x  405mm 
respectively. Again the accuracy for the x, y and z axes is 
±8|Um.
The interesting feature with ail the Olivetti Inspector 
systems is their robust solid looking appearance. All of the 
models are backed up with Olivetti electronic and 
calculating systems offering such things as central 
memory extensions, integrated alpha numeric printers and 
asynchronous line control unit for time-sharing applica­
tions and for connection to compatible peripheral units.
Japan
There are two major manufacturers of co-ordinate 
measuring machines in Japan -  Tokyo Seimitsu Co and 
Mitutoyo Manufacturing Co -  and three companies 
involved In importing CMM -  Tokyo Seimitsu Co, 
importing Ferranti equipment, Tokyo Boeki Co, importing 
Bendix machines from the USA and Kokusai Koki Com­
pany bringing in D.E.A. machines from Italy. Makino 
milling machine whose main business is machine tool 
manufacture, especially numerical control, manufacture 
one model of CMM.
Tokyo Seimitsu Co, a large Inspection equipment 
manufacturer, offer eight models of CMM mainly 
designed around the Ferranti and Bendix style of equip­
ment. Three of the models offered are in fact Ferranti
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Mercury, Conquest and Cordax, the other models are all 
cantilever designs ranging from the 700-3B to the MIOOO- 
3B, the two exceptions are portal bridge and the neat 300- 
3B with mobile table and the robust AiOOOC which is a 
smaller version of the Ferranti Saturn, The Japanese 
equipment makes maximum use of peripheral equipment 
such as printers and plotters.
Mitutoyo Manufacturing Co, founded as a gauge maker 
away back in 1934, now offer six models of CMM all of 
winch are of bridge and gantry design supported by almost 
oriental styled side walls. The smallest models, which are 
bench type, the A ll and A 12 Microcord, have capacities 
of 300 X 300 X 200mm and 500 x  400 x  200mm for x, y 
and z axes respectively. Uniquely they offer both a 
standard and economy class in these ranges, the main 
difference being resolution of 0.005mm in the economy 
class and 0.001 mm in the standard model. In addition, die 
indicating accuracy and repeatability are much finer with 
the standard model. The larger models are the A21 and 
A22 Microcord and they have capacities of 700 x 500 x  
250mm, the A22 being a slightly larger machine with an 
added feature of a motor driven granite elevating table. 
Both machines are floor mounted. All models are operated 
manually and come with a standard package of fixed 
probes; a 3D electronic touch probe is offered as an 
optional extra.
Apart from the two companies previously mentioned 
who import CMM into Japan, the only other large 3-axes 
CMM is manufactured by Makino Milling Machine Com­
pany of Tokyo. Their machine is the recently developed 
TM-1210 and has obviously been developed from an NC 
machining centre originally used for light milling and point 
to point drilling on a mobile base table. Its principal use is 
with complex curved surfaces and profiles of a 3-dimen­
sional nature; it has a large volumetric work area of 1200 
X 1000 X 350mm for x, y and z respectively with 
automatic feed in all directions and a rapid traverse of 
2400mm/ihin.
One interesting feature of this machine is its use for NC 
tape preparation. The model on the table is continuously 
traced by the tracing operation, the movements of the 
machine at that time are detected independently for the x.
tmxs
THREE-AXIS- 
MEASUREMENT
TWs Olivetti Inspector Maxi machine, like all models in the 
range, is backed up with electronic and calculating systems. j
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y and z axes and these values are directly output in NC 
tape as the machine automatic tracing part programme by 
means of a high-speed tape punch. The TM-1210 body is 
controlled and driven by the Fanuc 330 control unit based 
on control commands from the mini-computer. In the case 
of 3-dimension co-ordinate measurement, the 2-axes other 
than the approach axis are positioned, the measurement 
point of the work on the table is then approached, the 
amount of displacement x, y, z or the feeler is detected by 
the Accuratrace 6 tracer head and approach is stopped at 
the point at which the composite displacement coincides 
with the set value. The amount of mechanical movement 
at this time is detected by the positive detector and the 
data are printed out by a typewriter when basic co­
ordinate measurement is performed by point measure­
ment and the co-ordinate values of the measured points 
are clarified by means of drawings etc. Automatic 
measurement is possible by inputting the expected value in 
the form of a measurement programme and the expected 
values and their difference are typed out,
Sweden
C. E. Johansson, the world-renowned maker of gauges, 
entered the inspection machine business about five years 
ago with the Cordimet 350 which has a measuring cap­
acity of 350 X 250 X 200mm and a fixed column carrying 
the measuring head which moves only the z -axis, the 
table providing x and y movements. Since that time they 
have offered the Cordimin, which is in essence a combina­
tion of a miniature co-ordinate measuring machine and a 
toolmaker’s microscope, with a 125 x 100mm x and y 
range and a facility for digital indication of z co-ordinate 
value as an optional accessory. It has a measuring 
accuracy of ±0.005mm true position in x-y plane for any 
z value, within ±3 sigma.
The worktaole on the Ferranti Saturn 20 00S  is separate 
from the main frame to avoid distortion due to heaw  
components.
More recently Johansson have introduced the Cordimet 
700 which is in effect an enlarged version of the original 
Cordimet. The measuring range has been extended some­
what to 700 X 450 X 300mm for the x, y and z axes 
respectively. The 700 is virtually a cantilever machine 
and has been made robust enough to accept heavier 
components and the diabase for both the y and x axes 
have equally been extended to accommodate the increased 
range, thus the measuring head is no longer stationary as 
in the former model but moves about the worktable which 
has a facility for swivel and levelling; the measuring 
accuracy of ±0-01mm and repeatability of ±0-005mm 
are the same as the original model. The Cordimet 700 
now takes C. E. Johansson into the medium size market 
of CMM equipment.. Similar in construction to the 
Cordimet 700 Is a recent introduction -  the 1200.
Switzerland
Switzerland may lay claim to being the country where the 
first co-ordinate measuring machine was evolved, the 
honour falling to Société Genevoise -  no doubt in one of 
their highly efficient gauge laboratories. However, there 
are three mtyor companies involved in the manufacture of 
CMM in Swizterland today. .
Henri Hauser Ltd offer the. 5M-DR co-ordinate 
measuring machine among their wide range of other 
equipment such as jig borers, jig grinders, profile 
projectors etc; indeed their CMM is of a similar design to 
the jig borer concept with a fixed portal type structure 
carrying a probe measuring head over a mobile table for 
the long X axis. It has a capacity of 700 x 500 x 300mm 
for the X, y and z axes and a directional digital readout 
display with 6 metric digits. The accuracy claimed is 
0.003mm.
Tesa S.A. manufacture the Validator 10, which is a 
single column cantilever design made principally as an 
economic cost saving device for easy adaptability in most 
workshop environments. This machine with a capacity of 
300 X 300 X 125mm is mounted on a basic bench type 
structure and would be operated on at a sitting position. It 
comes equipped either as standard or as optional with a 
full range of gadgets such as a tool trolley, digital printer, 
table calculator etc.
Société Genevoise D’Instruments De Physique was 
probably the first company to produce a true three co­
ordinate measuring machine in the shape of the Trioptic 
universal measuring machine, first marketed in the early 
1960’s and closely followed by models from Moore in the 
USA and Ferranti in Scotland. Today Société Genevoise 
offer three models. The Mu-314 is a bench type universal 
three axes measuring machine with a capacity of 4CX) x 
too X 145mm and its principal purpose is the checking of 
gauges, tools, jigs, reference masters and the general 
inspection of precision work pieces produced in small 
quantities. The original Trioptic is still offered and, while 
the capacity is the same as the original version at 400 x 
200 X 200mm and although the basic design is identical, 
the latest model has the benefit of electronically amplified 
multidirectional probes with analogue reading for horizon­
tal and vertical measurement.
The latest product from the Société Genevoise group is 
the SIP 422m, again based on the same design as the 
Trioptic but backed by all the latest peripheral equipment 
such as multidirectional probe, control by on-line desktop 
calculators, data processing and printers. The measuring 
range is 400 x 200 x 200mm, it can support a maximum 
work load of 150 kg and it has an average accuracy for all 
axes of 0-8/im. With its wide variety of optional back-up 
equipment the SIP 422m becomes an extremely versatile 
co-ordinate measuring machine. Automatic positioning
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data can be set on digital switches to allow true positions 
to be reached by the moving members and any 
discrepancy read off the digital display.
United Kingdom
There are several agents for the sale of CMM in the UK, 
but there are only three major UK manufacturers. 
Ferranti is the oldest as far as three-axes machines are 
concerned and today they offer a range of eight standard 
models obviously meeting a wide variety of applications. 
The flagship of the range would be the Cordax series 
which comes in three sizes. The Cordax 3000 has a 
capacity of 760 x 508 x 660mm while the Cordax 7000 
has a capacity of 1830 x 760 x 915mm for the x, y and z 
axes respectively. Each model is of the cantilever design 
constructed on a base frame which is an all welded steel' 
fabrication providing support for both work table and the x 
axis beam. Another special feature of the Cordax range is 
the provision in the x and y axes of fine positioning 
control which permit continuous adjustment over the full 
length of axis travel. The 3000 and 5000 are fitted with 
elevating tables, but all models utilise the well-proven 
Ferranti Moiré fringe measuring system providing 
Instantaneous digital readout. The measuring accuracy 
claimed is ±0.0075, ±0.0125 and ±0.0025mm for the 
3000, 5000. and 7000 respectively. All the models are 
supported with a wide range of accessories such as 
probes, microscopes, computers and printers.
The Ferranti Saturn is a CMM with a difference in that 
it departs from the now familiar Ferranti cantilever design 
and moves to a gan^ tyt% design which has four pillars 
supporting a mobile bridge carrying the measuring 
head and probe. It has a large capacity at 2000 x 1250 x 
1000mm for the x, y and z axes respectively, note
The Windley Crown illustrated is complete with optical 
projector and glass rotary table.
especially the long z travel; there is motor drive on all axes 
and the worktable is separate from the main frame such 
that heavy components do not distort the frame; accuracy 
of ±0.05 mm per axis is claimed. The Saturn is backed by 
the computer-aided inspection system comprising a Digital 
Equipment Corporation PDP-8 computer, with associated 
software, a purpose built Ferranti interface unit and a Data 
Dynamics 3 3ASR teleprinter. This system combined with 
electronic probes makes the Saturn an extremely versatile 
machine. The operator can measure an output data from 
the component by means of simple keyboard characters, 
calculations such as off-set correction, deviation, out-of­
Full details from
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tolerance, time position and many others.
Ferranti offer the Cordax 1000 which is a 24-axes 
model, that is a 3-axes measurement capability with 2-axes 
counter. This machine with its capacity of 610 x  450 x  
203mm is suitable for bench mounting and it includes a 
built in swivel table. The Mercury is a low cost modular 
concept machine with a capacity of 508 x  406 x  203mm 
with a ±0.025mm accuracy. Again it can be used on a 
basic surface table. The Conquest is in the medium range 
and has a capacity of 610 x  380 x  200mm. It has a 
motorised elevating rable, an accuracy of ±0.010mm and 
is backed by a wide range of Ferranti accessories includ­
ing a printout unit and a computer.
The Cordax DCC (Direct Computer Control) 
measuring machines are the latest development from the 
Ferranti stable and are designed to automatically measure 
the dimensional co-ordinates of a wide variety of 
workpieces such as cams, gearboxes, video picture tubes 
and so on. The integral digital computer performs the 
tasks of probe positioning, data acquisition, processing 
and display, machine control including nominal position 
calculating ability, fault sensing and other significant 
functions. The Cordax DCC is available on the Cordax 
3000,5000 and 7000 machines.
Windley Bros Ltd produce two models of CMM, the 
Crown and the New Crown 3D. The Crown, first 
introduced in 1973, is a highly compact bench type 
machine with a capacity of 350 x  300 x  200mm and has 
a projector measuring system available as an option, the 
additional projector arm complete with focus slide is 
mounted to the back of the usual horizontal arm, and by 
withdrawing and re-engaging a reference key, the whole 
arm gssembly can be indexed 180 degrees to bring the 
projector arm over the working area. There are two 
models offered at this size: one is fitted with coarse and 
micro-feed controls on all three axes giving read-out 
accuracy of 0.002mm, while the second model is primarily 
designed for taper probes and has a read-out accuracy of 
0.010mm.
The New Crown 3D is of a bridge design carrying the 
probe head and moving along a high density black granite 
table on frictionless air bearings. The 750 x 700 x  
500mm capacity provides a wide range of capability for 
component measurement and marking out methods. 
Again the two models are available with 0.002mm and 
0.010mm accuracy of read-out respectively. Both taper 
probes and electronic probes can be utilised on the Crown 
models.
L K Tool Co Ltd offer a range of three major systems 
covering the bridge, cantilever and bench designs. The 
Maxi-Check Dimension Four represents the largest 
standard model produced although L K Tool Co Ltd 
appear to have the capability and pioneering inclination to 
make co-ordinate measuring machines to suit almost any 
customer need. The Maxi-Check Super may be an 
example of this; however the Maxi-Check has five models 
within its system ranging from 560 x 1156 x  533mm to 
2950 X 1130 X 1168mm. It claims an overall accuracy on 
the X axis of ±0.010mm upjto ±0.03 8mm for the range of 
five models. The Dimension Four System is of the bridge 
design carrying the measuring head along with an 
integrated digital readout on both metric or Imperial. This 
machine offers, as standard, plug in options for teletype 
printer unit, mini computer, power control to give rapid 
movement of fine adjustment and inching modes or, alter­
natively, to take a choice of NC or CNC modules, a wide 
variety of probes are available including a three axes 
electronic probe. The peripheral equipment available for 
the Maxi-Check can include a very useful Hewlett 
Packard 2644 Visual Display Unit with cartridges. 
This unit coupled with a high speed printer can just about
The Metre Four is the latest machine in the range offered 
by L  K. Tool Co Ltd.
meet aU the information needs a customer would desire at 
this time.
The Maxi-Check Super has a capacity of 9000 x  3000 
X 1800mm with a construction similar to the other Maxi- 
Check models only with a much larger working surface. It 
is intended for NC operations linked to a computer and 
plotter and has a claimed accuracy of ±0.025mm.
The Micro Four (now evolved as the Metre Four) is a 
CMM designed for high precision measurements of four 
axes because of the rotary table facility and provides for 
inspection of all angular faces and holes on rectilinear 
components etc. The range of capacity is 600 x 280 x  
450mm with a claimed accuracy of 0.004mm. Again this 
model has the ultra sensitive 3-axis switch, this is used in 
conjunction with the teletype unit of the L K Micro-Four 
for the automatic recording of data on each axis. The 
horizontal spindle design makes for easy operation and 
has extremely wide versatility when linked with the 
previously described peripheral equipment.
The Micrometer is a small bench type CMM with a 
capacity of 40 x 20 x  40mm, manually operated using 
taper probes for fast checking of small components on the 
standard rotary table.
United States of America
Of the thirty-nine companies listed in the US publication 
Quality 1975 as being manufacturers or suppliers of 
measuring machines, only five are actually involved in 
manufacturing three co-ordinate measuring machines in 
the USA, the others are suppliers of non-USA manu­
facturers’ products, manufacturers of components for 
CMM, such as granite surface tables, and manufacturers 
who have withdrawn from the CMM business since July 
1975. The remaining major US manufacturers are the 
Bendix Corporation, Boice Division of Mechanical Tech­
nology Incorporated, Brown and Sharpe Manufacturing 
Company, Moore Special Tool Co Incorporated and 
Hansford Manufacturing Corporation.
The Bendix Corporation Automation and Measure­
ment Division manufacture the Sheffield Product Line 
which is in fact the Cordax system previously described 
under the Ferranti group for UK manufacturers. Bendix 
and Ferranti have a licensing agreement between their 
products. The Cordax line will not be described again, 
except to mention that Sheffield offer a whole range of 
non-standard special purpose CMM generally developed 
from one of the basic Cordax systems. Some examoîes of
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tolerance, time position and many others.
Ferranti offer the Cordax 1000 which Is a 2^axes 
model, that is a 3-axes measurement capability with 1-axes 
counter. This machine with its capacity of 610 x  450 x 
203mm is suitable for bench mounting and it includes a 
built in swivel table. The Mercury is a low cost modular 
concept machine with a capacity of 508 x  406 x  203mm 
with a ±0.025 mm accuracy. Again it can be used on a 
basic surface table. The Conquest is in the medium range 
and has a capacity of 610 x  380 x  200mm. It has a 
motorised elevating table, an accuracy of ±0.010mm and 
is backed by a wide range of Ferranti accessories includ­
ing a printout unit and a computer.
The Cordax DCC (Direct Computer Control) 
measuring machines are the latest development from the 
Ferranti stable and are designed to automatically measure 
the dimensional co-ordinates of a wide variety of 
workpieces such as cams, .gearboxes, video picture tubes 
and so on. The integral digital computer performs the 
tasks of probe positioning, data acquisition, processing 
and display, machine control including nominal position 
calculating ability, fault sensing and other significant 
functions. The Cordax DCC is available on the Cordax 
3CKX), 5000 and 7000 machines.
Windley Bros Ltd produce two models of CMM, the 
Crown and the New Crown 3D. The Crown, first 
introduced in 1973, is a highly compact bench type 
machine with a capacity of 350 x  300 x  200mm and has 
a projector measuring system available as an option, the 
additional projector arm complete with focus slide is 
mounted to the back of the usual horizontal arm, and by 
withdrawing and re-engaging a reference key, the whole 
arm assembly can be indexed 180 degrees to bring the 
projector arm over the working area. There are two 
models offered at this size: one is fitted with coarse and 
micro-feed controls on aU three axes giving read-out 
accuracy of 0.002mm, while the second model is primarily 
designed for taper probes and has a read-out accuracy of 
0.010mm.
The New Crown 3D is of a bridge design carrying the 
probe head and moving along a high density black granite 
table on frictionless air bearings. The 750 x  700 x  
500mm capacity provides a wide range of capability for 
component measurement and marking out methods. 
Again the two models are available with 0.002mm and 
0.010mm accuracy of read-out respectively. Both taper 
probes and electronic probes can be utilised on the Crown 
models.
L K Tool Co Ltd offer a range of three major systems 
covering the bridge, cantilever and bench designs. The 
Maxi-Check Dimension Four represents the largest 
standard model produced although L K Tool Co Ltd 
appear to have the capability and pioneering inclination to 
make co-ordinate measuring machines to suit almost any 
customer need. The Maxi-Check Super may be an 
example of this; however the Maxi-Check has five models 
within its system ranging from 560 x  1156 x  533mm to 
2950 X 1130 X 1168mm. It claims an overall accuracy on 
the X axis of ±0.010mm upjo ±0.03 8mm for the range of 
five models. The Dimension Four System is of the bridge 
design carrying the measuring head along with an 
integrated digital readout on both metric or Imperial. This 
machine offers, as standard, plug in options fbr teletype 
printer unit, mini computer, power control to give rapid 
movement of fine adjustment and inching modes or, alter­
natively, to take a choice of NC or CNC modules, a wide 
variety of probes are available including a three axes 
electronic probe. The peripheral equipment available for 
the Maxi-Check can include a very useful Hewlett 
Packard 2644 Visual Display Unit with cartridges. 
This unit coupled with a high speed printer can just about
The Metre Four is the latest machine In the range offered 
by L  K. Tool Co Ltd.
meet all the information needs a customer would desire at 
this time.
The Maxi-Check Super has a capacity of 9000 x  3000 
X 1800mm with a construction similar to the other Maxi- 
Check models only with a much larger working surface. It 
is intended for NC operations linked to a computer and 
plotter and has a claimed accuracy of ±0.025mm.
The Micro Four (now evolved as the Metre Four) is a 
CMM designed for high precision measurements of four 
axes because of the rotary table facility and provides for 
inspection of all angular faces and holes on rectilinear 
components etc. The range of capacity is 600 x  280 x  
450mm with a claimed accuracy of 0.004mm. Again this 
model has the ultra sensitive 3-axis switch, this is used in 
conjunction with the teletype unit of the L K Micro-Four 
for the automatic recording of data on each axis. The 
horizontal spindle design makes for easy operation and 
has extremely wide versatility when linked with the 
previously described peripheral equipment.
The Micrometer is a small bench type CMM with a 
capacity of 40 x  20 x  40mm, manually operated using 
taper probes for fast checking of small components on the 
standard rotary table.
United States of America .
Of the thirty-nine companies listed in the US publication 
Quality 1975 as being manufacturers or suppliers of 
measuring machines, only five are actually involved in 
manufacturing three co-ordinate measuring machines in 
the USA, the others are suppliers of non-USA manu­
facturers’ products, manufacturers of components for 
CMM, such as granite surface tables^  and manufacturers 
who have withdrawn from the CMM business since July 
1975. The remaining major US manufacturers are the 
Bendix Corporation, Boice Division of Mechanical Tech­
nology Incorporated, Brown and Sharpe Manufacturing 
Company, Moore Special Tool Co Incorporated and 
Hansford Manufacturing Corporation.
The Bendix Corporation Automation and Measure­
ment Division manufacture the Sheffield Product Line 
which is in fact the Cordax system previously described 
under the Ferranti group for UK manufacturers. Bendix 
and Ferranti have a licensing agreement between their 
products. The Cordax line will not be described again, 
except to mention that Sheffield offer a whole range of 
non-standard special purpose CMM generally developed 
from one of the basic Cordax systems. Some examples of
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this are the development of CNC Cordax 7000 for 
inspection of turbine blade contour -  this is accomplished 
automatically in an on-the-fly scanning mode. A Cordax 
DCC, believed to be the first universal three-^es 
measuring machine to measure automatically large rings 
and conical sections up to 54 inches in diameter, has been 
developed and a low profile Cordax MM has been 
specially designed for the sheet metal industry. There are 
many more examples of special CMM and these, backed 
by a very wide variety of accessories, make the Sheffield 
CMM one of the world’s most advanced co-ordinate 
measuring machine ranges.
The Acrocord is the trade name given to the CMM 
products manufactured by the Boice Co^ration. There 
are six models within the range stretching in capacity from 
740 X 450 X 325mm up to 1800 x  900 x  750mm with a 
measuring accuracy ranging from ±0.0125mm to 
±0.015mm depending upon the model selected. All of the 
models are of the cantilever design and use granite 
worktables as surface plates, power elevation is available 
on the three larger models only and all axes have air 
bearings for smooth linear motion with minimum need for 
maintenance due to the absence of wear.
The Boice equipment use the Linear Inductosyn Scale 
developed by Farrand Controls Inc. This system 
minimises the possibility of errors created by dust, chips, 
smoke, oil or fumes. It utilises the inductive coupling 
between conductors separated by a small air space. It is 
claimed that angular accuracy of the Inductosyn Scale of 
better than one second of arc and linear accuracy of better 
than 50 microinches is achievable. All six models are inter­
faced with peripheral equipment such as computers, 
printers, plotters etc, according to the needs of the 
customer.
Brown and Sharpe offer four models of their Validator 
system ranging from capacities of 685 x  1200 x  915mm 
to 1200 X 1800 X 915mm for the x, y and z axes respec­
tively. The basic design is of the bridge formation -  the 
measuring probe head being carried on the bridge super­
structure and sitting on a surface table. The interesting 
aspect of the Validator system is the ready availability of a 
library of thirty-four standard measuring programmes 
which will obviously minimise set-up and measuring time, 
these can be computer assisted or totally computer 
controlled, therefore the system has peripheral equipment 
available such as computers, printers and tape readers 
together with a wide range of probes.
Moore Special Tool Company manufacture four 
systems of CMM among their extensive range of 
measuring equipment and machine tools. Moore was one 
of the early pioneers of three-axes co-ordinate^measuring 
machines somewhat like Société Genevoise in Switzerland. 
TheM-32Z is a universal measuring machine with a portal 
bridge design. It has a capacity of 800 x 450mm for the x 
and y axes and a 250mm vertical travel for the z axis. It 
has high accuracy at 0.6 fim for any 30mm of movement. 
The machine can be equipped with pre-select positioning 
and readout systems. The M-48Z has the same portal 
design as the M-32Z but it moves into a larger capacity 
range with 1200 x 600 x  250mm for the x, y and z axes 
respectively. This model can be equipped with remote 
operation controls, is adaptable to laser interferometers 
and retrofit provisions for input and output interface to 
computer control.
The two smaller models in the Moore range are the M- 
18Z and M-14Z. These are in effect of the jig borer design 
and are adapted from the two axes models to permit a 
third vertical z axis movement. The capacity of the M-14Z 
is 230 X 360 X 360mm and the M-18Z is 280 x  450 x 
400mm for the x, y and z axes respectively, again in 
keeping with the larger models previously described. These
machines are of very high accuracy claimed at 0-4um 
maximum error for any 30mm of travel. Peripheral equip­
ment such as microscopes with close • circuit television 
monitoring is available as an optional extra.
The Hansford Manufacturing Company produce seven 
models of the Rapid-Check system, these machines are of 
a fairly simple bridge type design and come in capacities 
stretching from 700 x 700 x 250mm to 1600 x 1000 x  
250mm. The base of the machine is a granite surface plate 
supporting a lightweight bridge structure running on self­
aligning ball bearings. The bridge structure can be offered 
separately to fit to an existing surface plate. The machine 
comes equipped with a digital read-out display console 
and a set of conical probes. A computer and printer are 
available as options but the real purpose of this machine is 
rapid manual checks of large sheet metal components for 
which it seems an ideal design.
Summary
Since the publication of the first review there are several 
companies which no longer manufacture nor act as agents 
for co-ordinate measuring machines. The foilowing have 
now come out of the business: P.M.C. Industries and 
Lucas Machine Division of Ohio, USA, C. E. J. Cage Co 
of Michigan USA, Fine Limit Group Sales Ltd of the UK, 
Coventry Gauge Ltd of UK, and Farrand Control of New 
York, USA.
It should also be noted that current arrangements for 
the manufacture, design and marketing of Maxi-Check 
machines are undergoing change and may result in both 
L. K. Tool Co Ltd and Notsa Engineering Co Ltd pro­
ducing independently. ,
Many other companies offer very special purpose or 
customer design three-axes co-ordinate measuring 
machines. Some of these have already been mentioned in 
the standard type range and will not be covered again. The 
remaining specialists are: Johann Fischer of Aschaffen- 
burg. West Germany, Cranfield Unit for Precision 
Engineering of Bedford, UK, Fellow Corporation of 
Vermont, USA (specialist in gear measurement), Eaton- 
Leonard of California, USA (vector/tube measurement), 
Gaertner Scientific of Chicago, USA for microscopic 3- 
axes measurement, Jones and Lamson of Vermont. USA 
with the metric eye, Penumo Precision Inc of New 
Hampshire, USA, Stiefeimayer of West Germany, 
Portage, Double Quick Inc, Ohio, USA, Pratt and 
Whitney Machine Tool Division. Connecticut, USA, Opto 
Mechanisms Inc of New York, USA. and Potter 
Instrument Co Inc, New York, USA.
The Validator 300, c 'e  of four computer controlled models 
from Brown & Sharpe.
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TABLE 2. CHARACTERISTICS OF THREE-AXIS  
CO-ORDINATE M EASURING M A C H IN ES  
AVAILABLE W O RLD -W ID E
Manufacturer 
(UK Agent) ModaDName Capacity Type Construction Control Probe
Display
readout
Special
features
• East Germany
b«rlZ«iM J«na 
(CJE. ScientWo 
Instrumanta 
Ltd)
DKM1-7S0 DA 
DKM02-300
X -  750 
y -  750 
I -  400
X -  320 
y -  220 
z ~  ISO
Gantry
Cantilever
Welded steel 
and cast 
surface plate
Cast with 
precision 
guidaways
Motorized
Manual
Electronic
Electronic
Digital
Printer
Tape
Digital
Optical
Printer
Tape
Punch
Franca
Renault 
(Rank Taylor 
Hobson)
MMT 1300 x -1 3 0 0  
y -  800 
z -  300
Bridge Granite base 
welded steel 
gantry.
Manual Electronic Digital
Printer
Plotter
W est Germany
FAG Kugal 
Flachar
PL 100 x -1 0 0 0  
y -  1000 
z -1 0 0 0
Cantilever NA NA NA NA
MGM 546 X -  300 
y -  400 
z— 600
Cantilever NA NA NA NA
MGM 400 X -  400 
y -  400 
z -  400
Cantilever NA NA NA NA
MGC3000 x -3 0 0 0
y -4 8 0 0
z -1 0 0 0
Cantilever NA NA NA NA
Emat Leitz Leitz-3D X -  1000 
y -  300 
z -  200
Cantilever Cast base 
centre lathe 
concept.
Motorised Electronic Digital
Printer
Wang-2200 
desk calcula­
tor with 
visual display
UPM-3D
(Automatic)
X -  200 
y — 100 
z -  200
Cantilever Table type 
model on 
stand
Motorised
automatic
Electronic Digital
Thermo-
printer
Typewriter
Plotter
Wang-2200 
desk calcula­
tor with 
visual display
PMM 864 X -  300 
y -  600 
z -  400
Portal
Bridge
Granite base 
and guidaways
Motorised Automatic Digital
Printer
Plotter
Wang-2200 
desk calcula­
tor with
Mauser Komeg 
(Hahn & Kolb 
Co Ltd)
KM-Z x -2 0 0 0  
y -  1200 
z -  1000
Bridge Machine bed 
and fixed gantry
Automatic Electronic Digital
Printer
Plotter
Zeiss 3-axes
measuring
head
KMIOOO-Z x -1 0 0 0  
y -  800 
z -  600
Bridge Machine bed 
and fixed gantry
Automatic Electronic Digital
Printer
Plotter
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Tabla 2. (cont.J
Manufacturer 
(UK Agent) ModeUName Capacity Type Construction Control Probe
Display
readout
Special
features
Mitutoyo 
(B Draper Co 
Ltd)
Microcord A10 X -  300 
Y -  300 
Z -  200
Gantry Welded steel 
supports on 
cast surface plate
Manual Conical
and
electronic
Digital Economy
models
available
MIcrocord Al 2 X -  500 
y -  400 
z -  200
Gantry Welded steel 
supports on 
cast surface plate
Manual Conical
and
electronic
Digital
Microcord A21 X -  700 
y -  500 
z -  250
Gantry Welded steel 
supports on 
cast surface plate
Manual Conical
and
electronic
Digital Remote 
control hand 
calculator 
of data
Microcord A22 X -  700 
y — 550 
Z -  250
Gantry Welded steal 
supports on 
cast surface plate
Manual Conical
and
electronic
Digital
Tokyo Seimitau M7003B X -  700 
y — 550 
z -  250
Cantilever Welded steel
precision
bearings
Manual Conical Digital Licence with 
Bendix and 
Ferranti
M1000A-3B x -1 0 0 0  
y -  550 
z -  250
Cantilever Welded steel
precision
bearings
Manual Conical Digital
700-38 X -  700 
y— 450 
z -  260
Cantilever Welded steel
precision
bearings
Manual Conical Digital
300-3B X -  700 
y -  300 
2 -  200
Portal
bridge
Welded steel Manual Conical Digital
A1000C x -1 0 0 0  
y — 800 
z -  600
Gantry Welded steel Automatic Electronic Digital
Sweden
c. £ .Johannson Cordimet 700 X -  700 
y— 450 
Z -  300
Cantilever Diabase 
worktable on 
cast iron stand
Manual Conical
electronic
Digital Calculator 
and software 
options
Cordimet 350 X -  350 
y -  250 
z -  200
Cantilever Diabase 
worktable on 
cast iron stand
Manual Conical
electronic
Digital Turret head
Cordimet 1200 x -1 2 0 0  
y -  800 
z -  550
Bridge Granite Manual Various
including
electronic
Digital Computer and 
calculator 
facility, range 
of programmes 
print-out etc.
Cordimin X -  125 
y -  100 
z -  75
Bench Diabase 
worktable on 
cast iron stand
Manual Conical
electronic
Digital
and
optical
Switzerland
H. Hauaar 
(Société 
Genevoise Ltd)
5M -0R X -  700 
y -  500 
z -  300
Portal Cast base 
welded steel 
gantry
Motorised Conical
various
Digital
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Table 2. (contd.j
Manufacturer 
(UK Agent) ModeHName Capacity Type Construction Controi Probe
Display
readout
Special
features
Carl Zeiai 
(Hahn & Kolb 
Co Ltd)
UIMM 500 X -  500 
y -  200 
z -  300
Universal
Cantilever
Precision
machine
guideways
Automatic Electronic Digital
Printer
Plotter
Operator
cockpit
concept
UMM 800 X -  800 
y -  300 
z — 300
Bridge Granite 
surface plate
Automatic Electronic Digital
Printer
Plotter
W MM 550 X -  550 
V -  500 
z -  450
Bridge Granite table 
and guideways
Automatic Electronic Digital
Printer
Plotter
CC on rotary 
axis
(optional)
WMM 850 X -  850 
y -  700 
z -  600
Bridge Granite table Automatic Electronic Digital
Printer
Plotter
CC on rotary 
axis
(optional)
Italy
O.EJV.
(Société 
Genevoise Ltd)
lota X -  1320 
y -  500 
z -  400
Bridge Granite base
fabricated
bridge
Motorised
fine
adjustment
Electronic Digital
Printer
Touch finger 
probe
Gamma x -1 0 0 0  
y -  800 
z -  500
Gantry Granite base
fabricated
columns
Manual Electronic Digital
Printer-
Bata x -9 9 7 0  
y -  1600 
z — 1000
Gantry Integral granite 
surface plate
Manual Electronic Digital
Printer
Various sizes 
of capacity
Sigma X -  1800 
y -1 0 0 0  
z -1 0 0 0
Gantry Three fabricated 
columns support 
suspended vibra­
tion free table.
Motorised Electronic Digital
Printer
Delta x -5 0 0 0
y -2 4 0 0
z -2 0 5 0
Gantry Four independent 
columns 
surface plate 
independent.
Motorised Electronic Digital
Printer
Two sizes
Alpha x -7 0 0 0  
y -2 5 0 0  
z -2 0 0 0
Gantry Six or more 
columns surface 
plate independent
Motorised
pendant
Electronic Digital
Printer
World's 
largest 
CMM 
(6 sizes)
Olivetti 
(Olivetti Ltd)
Inspector Mini X -  420 
y -  320 
z -  170
Cantilever Stabilised 
aluminium 
diabase table
Motorised Electronic Digital
Inspector Midi 
(Vertical)
X -  1150 
y -"  400 
z -  405
Welded and 
normalised steel. . 
diabase guideways
Motorised Electronic Digital
.
Inspector Midi 
(Horizontal)
X -  400 
y -  650 
z -  400
Horizontal
spindle
Motorised Electronic Digital
Inspector Maxi X -  900 
y -  1640 
1 -  405
Bridge Fine grain 
granite
Motorised Electronic Digital
Japan
Makino Milling 
Machine Co 
(Numerical 
M/chTool Co 
Ltd)
TM-1210 x -1 2 0 0  
y -1 0 0 0  
z -  360
Portal
bridge
Welded steel 
gantry -  
machined 
guideways.
Automatic Accura­
trace
Tape
reader
NC tape 
preparation
.
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Table 2. (contd.j
Manufacturer
(UK Agent) Modei/Name Capacity Type Construction Control Probe
Display
readout
Special
features
Socleta Gave- SIP 422M 
voiae (Société 
Genavoiaa Ltd)
X -  400
Y -  200
z -  200
Universal 
jig borer
Cast iron 
machineways 
rack and pinion.
Automatic Electronic Digital Multi­
directional
probe
TrIoptic X -  400 
y -  200 
z -  200
Universal 
jig borer
Cast iron 
machineways 
rack and pinion.
Manual Micro­
meter
dials
Earliest CMM 
CMM pro­
duced in 
world
MU-314 X -  400 
y -  100 
z -  145
Bench Cast Iron 
machineways 
rack and pinion.
Manual Optical,
Tee# Validator 10 
(Matchtess 
Machine Tool 
Co Ltd)
X -  300 
y -  300 
z -  125
Cantilever Diabase surface 
plate cylindrical 
vertical column
Manual Various
electronic
Digital
Printer
United Kingdom
Ferranti Ltd Cordax 1000 X — 010 
V — 455 
z -  203
Cantilever Welded Steel Manual Conical Digital Licence 
with Bendix
Cordax 3000 X -  760 
y — 508 
z — 660
Cantilever Precision
bearings
Manual Conical* Digital
Cordax 5000 x -1 2 2 0  
y -  610 
z -  915
Cantilever Precision
bearings
Manual Conical Digital
Cordax 7(XX3 x -1 8 3 0  
y — 760 
z -  915
Cantilever Precision
bearings.
Manual Conical Digital
Saturn 2000 x -2 0 0 0  
y -  1250 
z -1 0 0 0
Gantry Precision
bearings
Motorised
pendant
Electronic Digital 5-way
probe
Conquest X -  610 
y -  380 
z -  203
Cantilever Precision
bearings
Manual Conical Digital
Mercury X -  505 
y -  405 
z -  203
Cantilever Precision
bearings
Manual Conical Digital
Cordax DCC for 3000 
to 7000 
models •
Cantilever Precision
bearings
Automatic Electronic Digital Point-to-
point
operation
LKTooiCoLtd* Maxi-check 
Notaa
Engineering 
Co Ltd
x -2 9 5 0  
y -  1130 
z -  1168
Bridge Granite table 
air bearings
Automatic
pendant
Electronic Digital
VDU
Printer
Plug-in
options
Maxl-check
Super
X - 9 0 Q C  
y - 3 0 0 0  
z — 1 GOO
Bridge Granite tabie 
air bearings
Motorised
pendant
Various Digital
VDU
Printer
*1t should be noted that this was written before the manufacturing 
and marketing arrangements between L K Tool Co Ltd and Notsa 
Engineering Co Ltd came to an end. Notsa are also now marketing 
Maxi-Check machines and L K Tool Co Ltd have added the Metre 
Four to their range.
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Tabla 2. (contj
Manufacturer 
(UK Agents ModeHName Capacity Type Constrüction Control Probe
Display
readout
Special
features
L KTool Co Ltd Metre Four x -2 0 0 0  
y -  500 
z -1 0 0 0
Horizontal
spindle
Granite table 
cast iron rear 
column
Automatic Various Digital
Printer
CNCon 
rotary axis
Micro Four X -  600 
y -  280 
z -  4S3
Horizontal
spindle
Granite table 
on cast base
Manual Various Digital
Wlndley Bro» 
Ltd
Crown X — 350 
y -  300 
z -  200
Bench Cast iron 
table-heavy 
stool vertical 
tube
Manual Conical Digital
New Crown 3D X -  750 
y -  700 
z -  500
Bridge Granite table 
air bearings
Manual Conical Digital
United States of America
Bandix 
Corporation 
(Farranti Ltd)
Cordax 1000 X -  610 
y -  455 
z -  203
Cantilever Welded steel Manual Conical Digital Licence with 
Ferranti
CordaxSOOO X -  760 
Y -  508 
z -  660
Cantilever Precision
bearings
Manual Conical Digital
Cordax 5000 x -1 2 2 0  
y -  610 
z -  915
Cantilever Precision
bearings
Manual Conical Digital
Cordax 7000 x -1 8 3 0  
y -  760 
2 -  915
Cantilever Precision
bearings
Manual Conical Digital
Cordax DCC to suit 
3000/ 
7000
Cantilever Precision
bearings
Automatic Electronic Digital Point-to-
point
operation
Brown & 
Sharpa
Validator 300 x -1 2 0 0  
y -  1800 
z -  915
Bridge Granite 
surface plate
Manual Electronic Digital
Printer
Ready to 
use standard 
programs
Validator 200 X -  900 
y -  1300 
z -  915
Bridge Granite surface 
plate
Manual Electronic Digital
and
Printer
Validator 50 X -  685
Y -  1200 
z -  915
Bridge Granite surface 
plate
M anuai Electronic Digital
and
Printer
Validator 100 X -  900 
y -  600 
z -  450
Bridge Granite surface 
plate
Manual Electronic Digital
and
Printer
Moora Spacial M—32Z 
T ool Co
(Catmur Machina 
Tool Co Ltd)
X -  800
y — 450 
z -  250
Portal Cast iron compo­
nents precision 
lead screws and 
machineways
Manual Electronic Micrometer 
dials and 
digital
TV micro­
scope
optional extra
M-482 x -1 2 0 0
V -  600
2 -  250
Portal Cast iron compo­
nents precision 
lead screws and 
machineways
Manual Electronic Micrometer 
dials and 
digital
M-18Z X -  280 
y -  450 
z -  400
Jig borer 
Universal
Cast iron compo­
nents precision 
lead screws and 
machineways
Manual Electronic Micrometer 
dials and 
digital
Very high 
precision
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Table 2. fcontj
Manufacturer 
(UK Agent) ModetfName Capacity Type Construction Control Probe
Display
readout
Special
features
M-142 X -  230 
y -  360 
z ~  360
Jig borer 
Universal
Cast iron compo­
nents precision 
lead screws and 
machineways
Manual Electronic Micrometer 
dials & 
digital
Boica
Corporatiort
Acrocord C301 X -  710 
y — 450 
z -  325
Cantilever Cast iron air 
bearings
Manual Conical Digital Air lubricated 
hydrostatic 
bearing 
systems
' Acrocord CL-301 x -1 0 0 0  y -  500 
2 -  325
Cantilever Cast iron air 
bearings
Manual Conical Digital
Acrocord C-201 X -  800 
y -  750 
z -  450
Cantilever Cast iron air 
bearings
Manual Conical Digital
Acrocord CL-201 x -1 2 0 0  
y -  750 
z — 650
Cantilever Cast iron air 
bearings
Manual Conical Digital
Acrocord
CLL-201
x -1 8 0 0  
y -  900 
z -  750
Cantilever Cast iron air 
bearings
Manual Conical Digital
Acrocord 
B-401-3620
X -  750 
y -  900 
z -  500
Cantilever Cast iron air 
bearings
, Manual Conical Digital
Hanaford 
Manufacturing 
Corporation 
(Hahn& Kolb 
Ltd)
R apid Check 
2828
X -  700 
y -  700 
2 -  250
Bridge Granite surface 
plate
Manual Conical Digital Suitable for 
large sheet 
metal
components
Rapid Check 
4028
x -1 0 0 0  
y -  700 
2 -  250
Bridge Granite surface 
pi ate
Manual Conical Digital
Rapid Check 
5228
x -1 3 0 0  
y -  700 
2 -  250
Bridge Granite surface 
plate
Manual Conical Digital
Rapid Check 
6428
x -1 6 0 0  
Y -  700 
z -  250
Bridge Granite surface 
plate •
Manual Conical Digital
Rapid Check 
4040
x -1 0 0 0  
y -1 0 0 0  
z -  250
Bridge Granite surface 
plate
Manual Conical Digital
Rapid Check 
5240
x -1 3 0 0  
y -  1000 
z -  250
Bridge Granite surface 
plate
Manual Conical Digital
Rapid Check 
6440
x -1 6 0 0  
y -  1000 
z -  2Sq
Bridge Granite surface 
plate
Manual Conical Digital
Although every effort was made to ensure that the 
information contained in this table and the accompany­
ing article was correct at the time of going to press, 
the publishers cannot accept responsibility for 
errors and omissions or for any changes introduced 
after publication.
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And still they come .
CO-ORDINATE MEASURING MACHINES of the 
kind loosely referred to as- inspection machines or 
inspection centres have been with us for a little over ten 
years. Computer assisted machines came a little later -  
but it is the computer as much as any other development 
which has made today's developments possible. Unless we 
are mistaken it is the computer programme technology 
that will transform their use in the years to come.
In the meantime, and only a day or two before this 
issue with its World-wide Review of Co-ordinate 
Measuring Machines was going to press, details of two 
new machines from West Germany reached us. They are 
the Leitz PMM 864 and the Carl 2kiss WMM 550 and 
850. That really makes three.
Without having seen the machines, which were at 
Microtecnic, it may be incautious to suggest that they 
share several features in common -  and features which 
were first seen in the Zeiss UMM 500. They are quite 
different in construction though.
The Leitz PMM 864 is a portal bridge type machine, ie 
it has a fixed bridge at one end of its base, the table moves 
beneath this while two further axes are provided by (a) 
movement of the carriage along the bridge and (b) vertical 
movement of the measuring spindle in the carriage.
Measuring capacity is 800 by 600 by 400mm and read­
out resolution is 0.5 micron with a positioning accuracy to 
0.5 microns. The accuracy of the machine is given as
U„ = ± (1.2 4- ^^}/^rafor eachaxis.
It has a table size of 1000 by 750mm and a rotary table 
is one of the features of the machine. A star-type probe is 
used and the contact pressure is between 0.1 and 0.4 N. 
Up to five alternative probes can be used. Each of the axes 
is motorised and joystick control from the control panel is 
provided for the axial movements. Full CNC facilities can 
also be used. The system uses a Wang 2200 PCS II-2 
computer, VDU, plotter and peripheral equipment.
Although the Zeiss machine is of bridge construction, 
these two new models, the WMM 550 and WMM 850 
retain many of the features of the UMM 800 which was 
first shown at Microtecnic in 1975. The spatial probe 
assembly, Joystick control, very light contact pressure 
which permits the use of light probes, are among these 
features. The WMM series also has facilities for using a 
computer controiled rotary table and for computer control 
of the whole measuring cycle. It can thus be used as a full 
CNC measuring centre.
With the main elements, including the spindle made 
from granite, the machine offers a very rigid and sturdy 
structure -  as might be expected of a machine designed for 
the workshop as well as the standards room. Positioning 
repeatability is claimed to be 0.5 microns and machine 
accuracy is given as
U„ =(2.5 + microns.
Traverse speeds from 1 micron/sec to 70mm/sec are 
provided. A HP 9810 calculator printer and a wide range 
of programmes enable virtually any measurements to be 
undertaken, including fourth axis computer control, high­
speed print-out and four colour plotting. The machines 
can, of course, be used in the manual mode.
The Leitz PM M  8 6 4  co-ordinate measuring machine is of the 
portal bridge type with a capacity of SOO x 60 0  x 400m m . 
A rotary table is a feature of this machine.
The latest additions to the range of CNC machines available 
from Carl Zeiss are the W M M  55 0  and the W M M  8 5 0  
{illustrated). Both are of bridge construction.
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APPENDIX E
TRADE UNTON POLICY ON NEW TECHNOLOGY
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APPENDIX E
T h e  th in k in g  and s tra te g y  d e m o n s tra te d  b y  the  lo c a l shop s te w a rd s  a t 
C a te r p i l la r ,  G lasgow  p la n t in  1966, d u r in g  th e  c o u rs e  o f n e g o tia tio n s  
f o r  the  m a n n in g  and in v o lv e m e n t in  advanced te ch n o lo g y  and a u to ­
m a tio n  is  re f le c te d  in  the  s ta te m e n t show n b e lo w  w h ic h  w as ta ke n  
f r o m  the  F in a n c ia l T im e s  da ted  T u e sd a y , 21st A u g u s t, 1979.
T U C  u rg es  s te w a rd s  to  seek 
c o n tro l o v e r a u to m a tio n  p la n s .
Shop s te w a rd s  and un ion  le a d e rs  a re  be in g  u rg e d  b y  th e  T U C  to  
s tre n g th e n  th e i r  c o lle c t iv e  b a rg a in in g  to  g ive  w o rk e rs  som e c o n tro l 
o v e r com pany p la n s  fo r  a u to m a tio n .
T h e  T U C  y e s te rd a y  p u b lis h e d  a l i s t  o f dem ands th a t un ions sh ou ld  
c o n s id e r  w hen  n e g o tia tin g  "ne w  te ch n o lo g y  a g re e m e n ts " , a lo n g  w ith  
i ts  f in a l  re p o r t  to  the  annua l T ra d e s  U n io n  C on g re ss  nex t m o n th  on 
th e  e m p lo ym e n t consequences o f th e  m ic r o - e le c t r o n ic  re v o lu t io n ,
M r .  L e n  M u r ra y ,  T U C  G e n e ra l S e c re ta ry , says in  a fo re w a rd  to  th e  
re p o r t  th a t th e  q u e s tio n  fo r  th e  un ions is  not ju s t  w h e th e r to  a cce p t o r  
f ig h t  new te c h n o lo g y  w h ic h  he c a lls  one o f the  g re a te s t ch a lle ng e s  
fa c in g  s o c ie ty . T h e  is s u e  was how the  b e n e fits  co u ld  be e q u ita b ly  
sh a re d  and the  co s ts  m in im is e d ,
"W e have to  e n su re  th a t, u n lik e  the  f i r s t  in d u s t r ia l  re v o lu t io n , th is  
second re v o lu t io n  now upon us w i l l  no t t ra m p le  u n d e rfo o t th e  w e lfa re  
and in te re s ts  o f tho se  d ir e c t ly  a ffe c te d  in  the  p ro c e s s  o f change, "
T h e  T U C 's  c h e c k lis t  dea ls  w ith  un ion  o rg a n is a tio n , com pany in fo rm a ­
t io n , ou tpu t and m a n n in g  o b je c tiv e s , r e - t r a in in g ,  s h o r te r  h o u rs , 
d is t r ib u t io n  o f the  b e n e fits , sa fe g u a rd s  a g a in s t " s u p e rv is io n  b y  
m a c h in e " , h e a lth  and s a fe ty  and p ro c e d u re s  f o r  re v ie w .
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I t s  r e p o r t  d w e lls  on the  need f o r  m o re , not le s s , g o v e rn m e n t in v o lv e ­
m en t in  in d u s t r ia l  p la n n in g  and m o re  g ro w th  in  th e  econom y to  
c re a te  c o n s u m e r dem and fo r  the  goods and s e rv ic e s  th a t m a ch in e  
p ro d u c t iv i ty  can y ie ld .  I t  says o v e ra l l  e m p lo y m e n t e ffe c ts  a re  
d i f f ic u l t  to  m e a s u re , bu t says th a t w om en w o rk e rs  w i l l  be the  p r im e  
c a s u a lit ie s  o f e le c t ro n ic  p ro c e s s e s . U n ions a re  encou raged  to  
p ro m p t f i r m s  in to  d e ve lo p in g  new p ro d u c ts  and p u rs u in g  new m a rk e ts  
so th a t a u to m a tio n  is  a cco m pa n ied  b y  an in c re a s e , not a cu t, in  
n u m b e rs  e m p lo ye d .
T h e  m a in  p r in c ip le s  re co m m e n d e d  to  n e g o tia to rs  a re  th a t change 
m u s t be b y  a g re e m e n t, and un ions co n su lte d  b e fo re  new equ ipm en t 
is  even bough t. U n io n s  sh ou ld  m ake  "m o re  v ig o ro u s  u se " o f s ta tu s  
quo c la u se s  in  the  s h o r t te r m  to  im p re s s  on e m p lo y e rs  the  need fo r  
c o n s u lta t io n . T h e y  sh ou ld  dec ide  w ha t th e y  w an t -  w h e th e r i t  is  m o re  
jo b s , o r  s h o r te r  h o u rs , f o r  in s ta n c e  -  b e fo re  i t  is  to o  la te  to  a lte r  
p la n s .
T h e  T U C  is  co n ce rn e d  to  s top  u n io n  in - f ig h t in g  as o ld  d e m a rc a tio n  
lin e s  a re  b lu r r e d  b y  new p ro c e s s e s .
I t  says a n o -re d u n d a n c y  gu a ra n te e  shou ld  be sough t, and th a t even 
n a tu ra l w astage  sho u ld  be tre a te d  w a r i ly  s in ce  th a t " r e d is t r ib u te s "  
u n e m p lo ym e n t to  th e  f i r s t - t im e  job  se e k e r.
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APPENDIX F
R E T U R N  O N  IN V E S T M E N T  A N A L Y S IS  F O R  
C O M P U T E R  ASSISTED  C O -O R D IN A T E  M E A S U R IN G  
M A C H IN E S .
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APPENDIX F
G42-220 
C A T E R P I L L A R  M A C H I N E  I N V E S T M E N T  A N A L Y S I S
FAC I L I T Y PROJECT NO. .
I .  INVESTMENT
1. INSTALL "ZD COST OF PROPOSED MACHINE (SECTION V ) ............................................................................................&
2. DISPOSAL VALUE OF ASSETS TO BE RETIRED................................................................................................................£
--------- YR. PUR._____________ Dl SP  ______ M n _____________ YR. P U R .___
M #--------------------YR. PUR--------------D IS P .______________ M « _____________ YR. PUR____
I t .
D IS P .,
D IS P ..
.DOWNGRADE IN V E S T ., IF  ANY)NET INVESTMENT: LINE 1 LESS 2 (PLUS
REWORK COST -  PRESENT MACH. ( IF  CONSIDERED) ...........................................................................................
NET ADDITIONAL INVESTMENT (L IN E  3 LESS LINE 4 ) ..........................■...............................................................&
NEXT YEAR ADVANTAGE
6 .  LABOR (SECTION V I ) .  . .
7 ,  MANUFACTURING BURDEN (. ,r. OF LINE 6)
8.  M A C H IN E  R E P A IR  ( S E C T I O N  V I I ) .......................................................
9 .  OTHER M A N U F A C T U R IN G  FACTORS ( S E C T I O N  V I I I ) .  . .
10. LOSS OF D I S P O S A L  VA LUE BY ONE YEAR D E L A Y .  . . .
11. TO TAL COST BEFORE C A P T L .  ALLOW. ( L I N E S  6 THRU 10
12. AFTER TAX E Q U I V A L E N T :  L I N E  11 X ( I  -  TAX RATE)
1 3 .  C A P I T A L  ALLOWANCE ( S E C T I O N  V ) ...................... .................................
14. TO TAL N E X T  YEAR COST ( L I N E  12 PL US L I N E  1 3 ) ...............
PRESENT MACHINE PROPOSED
MACHINEAS IS REWORKED
£ £ £
£ £ £
£ £ £
(A) (B)
15 . FIRST YEAR SAVINGS FROM REWORK ( I4 A  LESS 14 b ) ............................................................................................£
16 . FIRST YEAR SAVINGS FROM PROPOSED MACHINE
{ I 4a LESS 1 4c + 8 .
)
.DOWNGRADE SAVINGS, IF  A N Y ).....................
RETURN ON AVERAGE INVESTMENT
17. SAVINGS AS % OF REWORK COST [u iN E  15 4  ^
16. SAVINGS AS % OF PROPOSED MACHINE COST [ l INE 16 + 3"x' "'. s f ] ...................................
19. A D D 'L . SAVINGS AS % OF NET A D D 'L. INVEST. jjL IN E  16 LESS 1 5) 4- ^ T l'Tn E ~5~ x s t J  ' '
V. RECOMMENDED ACTION
(Cv
SIGNED. S I GNED_
PLANNING ANAtYST ACCOUNTING
V. CAPITAL ALLOWANCE -  PROPOSED INVESTMENT(s)
ALLOWANCEFACTORCOST LIFEINVESTMENT ADDITION DESCRIPTION
CAP IT A L
EXPENSE
TOTAL
REWORK PRES. EQUIP.
CAPITAL
EXPENSE
TOTAL
■ 489-
V I .  LABOR
2
3
4
5
6
7
8 
9
10 
I 1 
1 Z 
I 3 
1 4
15
16
1 PRESENT MACHINE PROPOSED MACHINE
PART NO. REG. PER MO. 1 OPER. (NORMAL) 1 NO.
WORK ORDER 
PERF. HRS.
MONTHLY 
PERF. HRS.
SETUP 
HRS .
OPER . 
NO.
ESTMTO. 
PERF. HRS.
m o n th ly
PERF. HRS.
SETUP 
HRS .
A B 1 C 0 E (B X 0) F G H I (B X H) J
! --------
SUB TOTAL ..............................................................
OTHER PER F. HRS. . . . . . .  .....................................
PERF. HRS. TRANS. FROM OTHER MACHS. . . . . .  
TOTAL MO. PERF. HRS. & TOTAL SETUP HRS. . . .
INVESTMENT MO. PERF.HRS. MACH. EPF. MO. SETUP HRS.
AS IS  
REWORKED 
PROPOSED MACH.
INVESTMENT TOTAL MO. HRS. ANNUAL HRS. LABOR RATE LABOR COST
AS I S 
REWORKED 
PROPOSED MACH.
X 1 1 . 6 =  
X 1 1 . 6 =  
X 1 1 . 6 =
-A.  - £>
=  r
V I I .  MACHINE REPAIR
PRESENT MACHINE; M A T 'L . ^ ________
(LAST 3 YEARS)
*REASON ( IF  ESTIMATE D IFFERS FROM ANNUAL AVERAGE):
+ LABOR + BURDEN (.
ANNUAL AVERAGE
OTHER MFG. FACTORS (PERISH. TOOLS, P.T. MAINT., SCRAP, REWORK, POWER. MATERIAL, DOWNTIME,
OVERTIME, SUPPLIES,. INVENTORY, SUB-CONTRACT, ETC.) .
PRESENT MACHINE PROPOSED
MACHINEAS ! S rew orked
£ £ £
£ £  l £ _
-490-
APPENDIX G
SAVING S A C H IE V E D  B Y  IM P R O V IN G  C . M . M , 
C A P A C IT Y  A T  G LASG O W  P L A N T .
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APPENDIX G.
SAVINGS ACHIEVED BY IMPROVING C, M. M. CAPACITY AT
GLASGOW PLANT.
PRODUCTION MAN HOURS.
M isc. L arge P a r ts  Cyl. B lock /H ead  etc.
T otal P roduction  Man H ours lo s t  per day w aiting  
se t-u p  approval
T ota l Annual H ours lo s t
Annual Savings ach ieved  by co m m issio n in g  
Saturn C. M. M.
22 hours
- 5280 hours
5280 X £1. 26
= £6, 653
N u m erica l C ontrolled  - H ydraulic -
U n d ercarriage and M isc. Sm all P a r ts  A reas.
T otal P roduction  Man H ours lo s t  per day 
w aiting se t-u p  approval
T otal Annual H ours lo s t
Annual Savings ach ieved  by co m m issio n in g  
Gam m a C. M. M.
20 hours  
4 , 800 hours
4, 800 X £1. 26 
£6, 048
INSPECTION MAN HOURS.
M isc. L arge P a r ts  Cyl. B lock /H ead  etc.
T otal tim e  spent by 3 In sp ecto rs  doing checks  
u tilis in g  p resen t fa c ility
T otal t im e  spent by 3 In sp ecto rs  doing ch eck s  
u tilis in g  proposed  fa c ility
Savings ach ieved  by co m m issio n in g  
Saturn C. M. M.
= 5, 400 annual h rs.
= 3, 348 annual hrs.
= 2, 052 hrs x £1. 26
= £2, 585
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APPENDIX G (CONTD.).
SAVINGS ACHIEVED BY IMPROVING C. M. M. CAPACITY AT
GLASGOW PLANT.
N u m erica l C on tro lled  - H ydraulic - U n d ercarriage and M isc. Sm all 
P a r ts  A rea s .
T otal tim e spent by 3 In sp ecto rs  doing ch eck s  
u tilis in g  p resen t fa c ility
T otal t im e  spent by 3 In sp ecto rs  doing ch eck s  
u tilis in g  p roposed  fa c ility
Savings ach ieved  by co m m issio n in g  Gamma 
C .M .M .
SCRAP - FIELD  & PLANT REWORK SAVINGS.
N u m erica l C ontrolled  - H ydraulic - 
U n d ercarriage  and M isc. Sm all P a r ts  A rea s .
2P4747 - H ousing.
T otal N um ber of p arts scrapped  annually due to  
p o sitio n a l e r r o r s  (dow els to b ores)
Annual Scrap C ost
8S1039 - H ousing.
T ota l Num ber of p arts scrapped  annually due 
to  e x c e s s iv e  T .I .R .  betw een b ores
Annual Scrap C ost
7S7936 - End C ollar.
T otal num ber of p arts scrapped  annually due 
to p osition a l e r r o r s  in bolt h o les
Annual Scrap C ost
= 5, 400 annual h rs
= 3, 348 annual h rs
= 2, 052 hrs x £1. 26
= £2, 585.
246 parts  
246 X £7. 3 
£1, 801
384 parts  
384 X  £3. 9 
£1, 499
257 p arts  
257 X £1. 9 
£487
-493-
APPENDIX G (CONTD. ).
SAVINGS ACHIEVED-BY IMPROVING C.M . M. CAPACITY AT
GLASGOW PLANT.
5M4436 - End C ollar.
T otal num ber of p arts scrapped  annually due to
p osition a l e r r o r s  in bolt h o les  = 360 P a rts
Annual Scrap C ost = 360 x £. 7
= £249
7S9181/2 - T rack  Link.
T otal N um ber of parts scrapped  annually due to
bore p itch  e r r o r  = 2, 496 parts
Annual Scrap C ost = 2, 496 x £1. 57
= £3, 911
TOTAL ANNUAL SCRAP COST SAVINGS
ACHIEVED BY COMMISSIONING GAMMA
C .M .M . = £ 7 ,9 4 7
The above scra p  c o s ts  w ere  extracted  from  the 
M onthly I. B . M. Scrap A n a ly sis  P rint Out Sheets.
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= 30 Blocks
APPENDIX G (CQNTD. ).
2P9Q2 - Cyl. B lock.
T otal num ber of p arts req u irin g  to be rew orked  in  
Plant due to  v a lve  l i f t e r  c /b o r e  face being off 
p a ra lle l to  cam sh aft bore
A further 30 b lock s in the fie ld  requ ired  rew ork  
(in form ation  supplied  by COS A S erv ice  Dept. )
O vera ll num ber of b locks req u irin g  to be 
rew orked
E stim a ted  sav in gs ach ieved  by co m m issio n in g  
Saturn C. M. M.
F in a l D rive  F a ilu r e s  - 1P1897 - G ear and 
989650 - Hub.
T otal num ber of fin a l d r iv e s  requ iring  to be 
rew orked  due to ream ed  hole p osition a l 
e r r o r s  on 1P1897 G ear and 9S9650 Hub.
(in form ation  supplied  by COSA S erv ice  Dept. )
E stim ated  co st to  rew ork  final d r iv es  = £16, OOP
Due to the n o n -recu rr in g  nature of the above 
rew ork  only the Cyl. B lock  rew ork  cost has been  
included in the M achine Investm ent A n a ly sis  Sheet.
2P 4747/5M 598 H ousings, 5M603 C over, 6M2202 
B racket 5M 6665/3S3020/3P 3143 - B ev e l G ear C ase.
60 B lock s
= £ 9 ,0 0 0
= 72 F in a l D r iv es
T otal H ours p er day to rew ork  parts due to  
p osition a l e r r o r s
T otal Annual Hours
Annual C ost Savings ach ieved  by co m m issio n in g  
G am m a C. M. M.
= 5 hours
= 1, 200 hours
= £1, 512
OVERALL SAVINGS ACHIEVED BY 
COMMISSIONING SATURN C .M . M. 
(INCLUDING £2, 000 SAVINGS ON 
INSPECTION CHECKING FIXTURES)
OVERALL SAVINGS ACHIEVED BY 
COMMISSIONING GAMMA C .M .M .  
(INCLUDING £6, 000 SAVINGS ON 
INSPECTION CHECKING FIXTURES)
TOTAL OVERALL SAVINGS ACHIEVED BY 
COMMISSIONING TWO NEW CO-ORDINATE  
MEASURING MACHINES
-495-
= £20, 238
= £24, 092
£44, 330
APPENDIX H
EVALUATION OF TIM E-SAVING GAINED WITH COM PUTER ASSISTED  
CO-ORDINATE MEASURING MACHINES
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APPENDIX H.
EVALUATION OF TIME SAVING GAINED WITH COM PUTER- 
ASSISTED MEASURING MACHINES,
To evalu ate the t im e  sa v in g s , parts w ere taken from  the w ide v a r ie ty  
of p iece  p arts produced in the m achine shop. The parts chosen  
rep resen ted  the b est c r o s s  sec tio n  of exam p les w hich would go a c r o s s  
eith er  the su rfa ce  tab le or the CMMs, Each com ponent w as checked  
by an exp er ien ced  in sp ecto r  and in ord er to m aintain  good tim e  
co m p a riso n s the w hole e x e r c is e  w as ca rr ied  out by d ifferent  
in sp ec to rs .
The p a r ts  and o p e r a tio n s  ch eck ed  w e re  a s  fo llo w s; -
T im ing G ear H ousing - 2P1152 - at Op. 80. (C heck p osition  of b ores
and dow el h o les).
O il Pan - 4N8959 - at Op. 40. (Check hole pattern  on flange face).
F ly w h ee l housing - 6N6032 - at Op. 85. (Check p osition  of co u n ter - 
bore, dow el h o les  to s ta r te r  bore and p osition  of 0. 812 dia. h o les).
Torque con vertor housing - 3P5986 - at Op, 990* (ch eck  b o res , dow el 
h o les , d r illed  h o les  on flange and h o les  on opposite side).
C ylinder Head - 3H5980 - at Op. 70 (Check dow el h o le s  to  in itia l 
loca tion s).
G ear F in a l D rive  - 1P1897 - at Op. 105 (Check bolt h o les). S e e P la te N o .4 . 6. 
A c c e s so r y  D rive  H ousing - 2P4747 - at Op. 40. (C heck p osition  of 
h o les  in flange and p osition  of bearin g  bore).
P ow er take off housing - 5M598 - at Op. 20. (Check lo ca tio n  of b o res  
and dow el h o les).
P ow er take off co v er  - 5M603 - at Op. 60. (C heck location  of h o les  
and b ores).
* Op. 990 is  not a m achining operation. It is  a fin a l in sp ection  
operation  w here a ll d im en sion s are  checked for con form ance to  
sp ec ifica tio n .
M aster w ork ord er  layou ts a re  provided for each  com ponent and 
th e se  gave d e ta ils  of the op erations p rior  to the p articu lar  one
ch ecked , a s  sta ted  above. Job m ethod sh e e ts  a re  a lso  in c lu d e d /-
-4 9 7 -  ‘
/w h ich  g ive  p r e c is e  in stru ctio n  to  the op erator on too lin g , m achining  
p roced u res , feed s  and sp eed s and gauging to be used.
E ach  com ponent w as se t  up on the su rface  tab le f ir s t  and the  
in sp ection  operation  ca rr ied  out. The tim e  to com p lete  the ch eck  
w as record ed , the parts w ere  then checked on a CMM, e ith er  the 
C ordax or P o r ta g e , depending on th e ir  s iz e , and fin a lly  on a G am m a  
or Saturn, again  depending on the o v era ll s iz e  of the part.
On the fo llow in g  tw o pages are  com p lete  ta b le s  of the r e s u lts  and 
d ifferen ces  in t im e  ach ieved  using a CMM and a CCMM.
E xam ple C alculation:
O il Pan - 4N8959.
A. Surface p late tim e  
CMM tim e
210 m inutes  
150 m inutes
Im provem ent on 
su r fa ce  plate 210-150 = 60 
210 210
= 28. 6%
B. CCMM tim e 90 m inutes
Im provem ent on 
su r fa ce  p late 210-90 = 120 = 57%
210 210
C. CCMM
Im provem ent on 
CMM 150-90 = 60 = 40% 
150 150
!...
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F ro m  the tab le the ca lcu la tion  of the o v era ll average figu re for 
sa v in g s  in tim e for: -
A . The CMM in com p arison  to  the su rface plate.
B. The CCMM in com p arison  to the su rface  p late.
C. The CCMM in com p arison  to  the CMM.
A . CMM in co m p arison  to  the su rface  p la te :-
% a v era g e  tim e saving = (T otal su rface  p late tim e - to ta l
CCMM tim e)_____________________
T otal su rface  p late tim e
= 1155-605 X 100 
1155 1
= 47. 6%
N. B . 1P1897 and 2P4747 w ere  excluded from  the above evaluation  
s in ce  m anning on the CMMs w as at a reduced  le v e l.
B, CCMM in com p arison  to the su rface table:
% a v era g e  tim e sav in g  = (T otal su rface  p late tim e - to ta l
CCMM tim e)____________________
T otal su rface  p late tim e
= 1635-430 X  100 
1635 1
= 73. 7%
!. . .
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c .  CCMM in com p arison  to  CMM:
% A verage  tim e  sav in g  = (T otal CMM tim e - to ta l
CCMM tim e
T otal CMM tim e  
605-400  X 100
605 1
= 33, 9%
A s se en  above the CCMM g iv e s  a 73. 7% tim e saving. T his m eans  
that in sp ection  m an hours involved  in check ing the parts checked  
w ere divided by a factor  of
100 = 3. 8
100 - 73. 7
e. g. a job taking 60 m in u tes on a verage  would be reduced  to 15. 78 
m in u tes on average .
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PLATE No: 4. 6
The L arge F in a l D rive  B u ll Gear on a Standard Surface T ab le
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APPENDIX I
IN -PL A N T  SURVEY ABOUT CO-ORDINATE MEASURING 
MACHINE OPERATORS
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A P P E N D IX  I
A. SAMPLE QUESTIONNAIRE - OPERATOR GROUP
IN-PLANT SURVEY ABOUT CO-ORDINATE MEASURING MACHINE 
OPERATORS.
Name; Section; Shift:
( or an sw er as re q u ire d ) .
1. How long have you been operating CMM?
2. What age a r e  you?
3. How long have you been on inspection work?
4. What was your job im m edia te ly  before  this?
5. What did you do five y ears  ago? _________
y ea rs m ths.
y e a rs
y e a rs
6. Was the move to operating  the CMM a promotion? _Y es  No
7. How do you fee l about this job com pared  to your la s t  Job?
Much j j About j 
M ore 1 M ore j Same ‘L ess
Much
L ess
"Self-status 1 ■ i 1
S e lf -a s su red i l l !
Concerned re  new fangled technology ; ! t !
Influenced over m achine o p e ra to rs  j | 1 i
P ow er with line su p e rv iso r ! i ! i
E ase  of opera ting  } i  ' ! i
8. What kind of reac tion  have you had from  P ro duc tion  Superv iso rs  and 
m achine o p e ra to rs  about the se rv ice  the machine give?
1 At S ta rt  i C u rren tly  i
S u rp rised  at the speed of m easu rin g i !
D is tru s t  re su l ts  and asked fo r plate check ! ;
P r e f e r s  plate  check 1 i
Do not unders tand  printout data i . i
No reac tion 1.......... ' 1
Other
O ther 1 i
9. What if anything m akes you unhappy about opera ting  this machine?
Too s im ple  - no in te re s t in g  calculations
-like to double check against plate
Do not like a ll  the com puter 'm um bo-jum bo'
O ther___________________________ ___________
Other
-505  -
10. Do you do any o ther work in addition to operating CMM?
 Yes
If yes, what? ________________________ _
No
11. Do you think your work re la tionsh ips  with line su p e rv iso r s  and
m achine o p e ra to rs  has im proved or not since moving to the CMM?
Relationships with:
G reatly
Im proved Im proved
No j Got 
Change W orse:
Line Superv iso r .
Machine O pera to rs ■
O ther Inspecto rs 1
12. Does anyone e lse  opera te  this CMM apart f ro m  you and other 
sh ifts?
 Yes  No
If yes, s ta te  who ________________________________________________
13, A fte r  you com plete  your check, who analyses the data printout 
re su l ts?
Y ou only
Inspection S uperv iso r
P la n n e r
Line Superv iso r
O ther
14, Who tra ined  you on the CMM?
A pproxim ate ly  how long did it take you to le a rn  to do a com plete  check 
yourself?
______ months,
15. What did you find m ost difficult about the learn ing  p ro cess?
O perating contro ls
Setting-up p a r ts
P ro g ra m m in g  the machine
Understanding the re su l ts
O ther
O ther
16. If you w ere  not a CMM op era to r  what o ther work would you p re fe r?
/ . . . - 5 0 6 -
17. Do you find it easy to pick up a half checked job from  the previous 
* shift?
N orm ally  easy
P r e f e r  to s ta r t  from  s c ra tc h
Need m ino r  checking
18, How do you ra te  the following fac to rs  with the CMM in te rm s  of 
im portance?
Vital Very Im portant
U nim ­
portan t
Not even 
consid 'd
F a s te r  Checking
M ore A ccuracy
B e t te r  repea tab il i ty
L ess  waiting fo r  p ro d .m /c s
L e ss  hand calculations
No awkward f ix tu res 1
E asy  to opera te  i 1
19. How m uch f a s te r  do you think on average  it takes you to se t-up  a 
p a rt  on the CMM as com pared  to su rface  pla te  methods?
% F a s te r 10 120 30 40 50 60 170
1
20. As m easu r in g  m achines becom e m ore  and m o re  a ccu ra te  and re su l ts  
a lm ost infallible, do you think the inspec tor should becom e p a r t  of 
the production team  under a line su perv iso r?
Strongly
D isagree
Mild
D isag ree
N either 
A gree  nor 
D isag ree
Mild
A gree
Strongly 
I A gree
1 1
21. How much does it concern  you that as m achines, even m easu rin g  
m achines, becom e m o re  and m o re  automated, this could affect the 
following:
Very |
Concerned 1 Concerned
'Not w o rr ied  ! Encouraged 
one way or {by 
ano ther j p ro g re s s
L ess  sk ill  to opera te
L ess  knowledge req u ired
F ew er o p e ra to rs
22. W here do you think the CMM would best be located?
In spec ia l  a i r  contro lled  room
Wall p a r t i t io n  with no roof
W all p a r ti t ion  with roof
Open work shop 
O ther - 5 0 7 -
23. What te c h n ic a l  q u a lif ica t ion s  if any, do you have?
T im e Served A pprenticeship
City & Guild 's C e r tif ica te
National C er tif ica te
Degree
No qualifications j
O ther i
24, Do you hope to gain fu r th e r  prom otion in the Company?
 Yes
If yes, to what? _________________________________________
No
-5 0 8 -
APPENDIX J
IN -PL A N T  SURVEY ABOUT P E O PL E  CLOSELY
RELATED TO C. M. M. BUT NOT OPERATORS.
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A P P E N D IX  J
B - SAMPLE QUESTIONNAIRE - CONTROL GROUP
CONTROL GROUP
IN-PLANT SURVEY ABOUT P E O P L E  CLOSELY RELATED TO CMM 
BUT NOT OPERATING.
( or answ er as required)
Name: Section: Shift;
C urren t Job:
1. How long have you been doing th is  job? _________
2. What age a r e  you?______________________________________________
3. If on inspection  how long have you worked at this? _________
4. What type of inspection  do you do? _________
5. Would you like to opera te  a CMM?  Yes   No
Why?
6 . How do you think you would feel about the following if you opera ted  
a CMM?
Much
m o re  More
About
Same
j Much 
L ess  L ess
Self-Status j 1
S e lf-A ssu rance i i
New fangled technology ! ! i
Influence over m achine o p e ra to rs 1 1 1 !
P o w er with line su p e rv iso r I 1 : I
Satisfaction  with work ! 1........... J ..!
7. How do you think line su p e rv iso rs  and ope ra to rs  re a c t  to the se rv ice  
from  CMM?
At s ta r t  I
of CMM {Currently
S u rp rised  at the speed of m easu ring I
D is tru s t  re su l ts  and asked for plate check 1
P r e f e r s  plate check 1
Do not understand  printout data 1 . . . . . . . . . . .
No reac tion '
Other i
O ther
!... 510-
8. Can you think of any disadvantage about operating these  m achines?
9, Do you think you would have m ore  or le ss  influence with the
production su p e rv iso r  if you w ere  a CMM opera to r  than you have 
right now?
Much 1 About 1 Much
m ore M ore 1 Same L ess 1 L ess
1 1
10. Do you think anyone should be allowed to use the CMM?
11. As m easu ring  m achines becom e m o re  and m ore  accu ra te  and
re su l ts  a lm ost infallible, do you think the inspec to r should becom e 
p a rt  of the production team  under a line superv iso r?
Strongly
D isagree
Mildly
D isagree
N either A gree 
Nor D isagree
Mild
A gree
Strong
Agree
12. How much does it concern  you that as machines, even m easuring  
m achines, become m ore  and m ore  automated, this could affect
Very
concerned concerned
Not
concerned one 
way or o ther
Encouragée
by
P r o g r e s s
L ess  skill to opera te . . . . . . . . . . . . . . . . .  t 1
L ess  knowledge to opera te t  1 i
F ew er op e ra to rs I : I
13, W here in your opinion should a CMM be located?
In a spec ia l a i r  controlled room
Wall parti t ion  with roof
Wall parti t ion  without roof
Open workshop
O ther 1
-5 1 1 -
14. What te c h n ic a l  q u a lif ica tions  if any, do you have?
T im e Served A pprenticesh ip
City & Guild 's C er tif ica te
National C er tif ica te
Degree
No qualification
Other
15. Would you hope to gain fu r th e r  promotion in the Company.
 Y es
If yes, to what?  ______ _
No
- 5 1 2 -
APPENDIX K
HOW THE ATTITUDE SURVEY WAS CONDUCTED
AT CATERPILLAR, GLASGOW
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APPENDIX K
HOW THE ATTITUDE SURVEY WAS CONDUCTED AT
CATERPILLAR, GLASGOW.
Tw o su rv ey  v e h ic le s  in term s of q u estion n aire  w ere  d esign ed  in 
F ebruary  1977. T he d esign  of the b a sic  q u estion n a ire  w as b ased  on a 
sy ste m  used  by Enid M um ford of M anchester B u s in e ss  School in a 
study of com puter p erso n n e l, w hich subsequently  w as published in h er  
book on Job S a tisfa ctio n  (40), a lso  on a d esign  form at by D r. John  
D ick son  on a W orker P a r tic ip a tio n  R esea rch  P r o je c t  (61). The  
q u estion n a ire  d esig n  fo r  attitude m easu rem en t w as b ased  on the A. N. 
Oppenheim  sy s te m  (62).
A te s t  pilot q u estio n n a ire  w as conducted on s e v e r a l m an agers w ithin  
the quality  con tro l organ isa tion  at G lasgow  plant, and a fter  m od ifica tion s  
a secon d  p ilot w as d esign ed  and g iven  to a group of w eek ly  p lanners  
w ithin the quality  a ssu ra n ce  group. P r im a r ily  the p lan n ers w ere  
asked  to study the q u estion n a ire  then com p lete  it as b e st  they could, 
seco n d ly  they w ere  a ll in terv iew ed  ind ividually  on th e ir  own r e su lts  in  
an attem pt to develop  d eep er and m ore p enetrating  q u estion s which  
would hopefu lly  r e su lt  in m o re  com p lete  and a ccu ra te  a n sw ers. It w as  
im p era tiv e  for approval to  be obtained fo r  the su rv ey  from  sen io r  
m an agers and in p articu la r  the trad e union h iera rch y  which often look  
on q u estion n a ire  su r v ey s  with so m e d egree  of su sp ic io n  except when  
the su rv ey  is  conducted by so m e  extern a l body and that the trade union 
get co p ies  of the r e s u lts  as w e ll as m anagem ent. F ortu n ately  at the  
tim e  of th is  p rop osed  study, the a ss is ta n t convenor fo r  a ll hourly blue  
co lla r  shop stew ard s w as in fact an in sp ecto r  who had been  an operator  
for  a short p eriod  of one of the two com puter a s s is t e d  m ea su rin g  
m a ch in es. He th ere fo re  im m ed ia te ly  understood the tech n ology  and 
not only gave h is  agreem en t to the su rv ey  but asked  to be included as  
one of the te s t  group. F rom  th is point it w as a m a tter  of ta lk ing with  
in sp ection  su p e r v iso r s  in each  area  as p rev io u sly  d escr ib e d  then to  
each lin e  shop stew ard  to en su re  that they understood the ob jective  
and knew that th e ir  se n io r  h iera rch y  had m ade a greem en t to the w hole  
e x e r c is e . It w as decided  fo llow in g  the secon d  p ilo t run with the
w eek ly  group that it m aybe in ter estin g  to  in vo lve  th o se  in sp ecto rs  who 
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had not b een  o p era to rs of any type of m ea su rin g  m ach in es and to  
r e se a r c h  how th e ir  exp ecta tion s m ay have shaped had they been  given  
the opportunity to op erate the new technology, (T his thought concern ing  
an op erator and n on -op era tor  group was la te r  d evelop ed  su c c e s s fu lly  
in  the m ajor su rv ey  of 287 com p an ies as w ill be d escr ib e d  in a la te r  
chapter of th is  r e se a r c h ).
Two q u estio n n a ires  w ere  fin a lly  d esign ed  in M ay 1977, th ese  a re  
shown in A ppendices I and J. At the t im e  of the su rv ey  th ere  w ere  a 
to ta l of 48 em p lo y ees  who had operated  so m e  form  of m ea su rin g  
m achine at G lasgow  plant (th is included the 12 res id e n t op erators and 
the back-up  in sp e c to r s  who num bered 8 at that t im e  lea v in g  28 fo rm er  
op erators who now held  d ifferent a ssig n m en ts  at G lasgow  plant). T he  
n on -op erator group w hich w as ca lled  the C ontrol Group for th is  
e x e r c is e  num bered only 24, m ain ly  due to the fact that only th o se  c lo s e  
enough to the m ea su rin g  m ach ine equipm ent w ere  ch o sen , as o th ers, 
for  exam p le , in a s se m b ly  would have been  too fa r  away from  the  
equipm ent to m ake any accu rate  contribution  to the su rv ey . The  
O perator q u estio n n a ire  had 24 q u estion s w h ile  the C ontrol Group 
q u estion n a ire  had 15 q u estio n s, 12 of the q u estion s in each paper w ere  
com m on with s lig h t changes in term in o lo g y  in ord er  that sp e c if ic  co m ­
p a riso n s could be drawn betw een  each  group. T he su rv ey  w as launched  
in June 1977 by in itia lly  ta lk ing to the w hole group of res id en t in sp ecto r  
o p erators to g eth er  with th e ir  back-up  in sp e c to r s . T he p urpose of the 
su rv ey  w as exp lained  in good d eta il and the m anner in which the  
questions should be approached. Each of the o p era to rs then com p leted  
the q u estio n n a ires  and w ere  p erm itted  to ask  fo r  c la r if ic a tio n  of any 
p articu lar  point. T he com p letion  of each paper w as done individually  
and anonym ously  without sign atu re  and no c r o s s  d isc u ss io n  took p la ce  
apart from  the a forem en tion ed  c la r ifica tio n  p oin ts. T h e b alance of 
the fo r m e r  op erator group w as done som ew hat p a in stak in gly  and 
cer ta in ly  t im e-co n su m in g ly  one by one with p er so n a l in terv iew . W hen 
a ll the r e su lts  had b een  obtained fo r  the O perator Group, the second  
q u estion n a ire  w as launched on the C ontrol group, th is  w as again  done 
on both a group and individual b a s is  depending upon the a v a ila b ility  of 
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the em p loyees con cern ed . T he w hole data c o lle c t io n  e x e r c is e  w as 
com p leted  by m id  July 1977, ob v iou sly  the advantages of b ein g  on s ite  
at C a terp illa r  during the w hole e x e r c is e  and not dependent upon any  
p o sta l or other com m unication  sy ste m , p erm itted  a quick and a lm o st a 
100 p ercen t r e sp o n se  to th is  im portant se c tio n  of the r e se a r c h .
T he com bined r e s u lts  of the data co lle c tio n  p resen ted  a m axim um  of 
1512 points of re sp o n se , m u ltip lied  in so m e in sta n ces  w h ere a m ulti 
v a r ia n ce  r e sp o n se  q u estion  w as included. H ow ever it w as not con ­
s id ere d  a la r g e  enough data bank to ju stify  so r tin g  through a com puter  
program m e and th ere fo re  a ll the data w as m anually  so r ted  and 
an alysed  into sp e c if ic  groups of s ig n ifica n ce , as w ill  be d escr ib e d  in  
the next se c tio n  under r e se a r c h  find ings.
-516-
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A P PE N D IX  L.
RESULTS CHART SHOWING CATERPILLAR GLASGOW IN RESPECT 
TO THE IIMTERNATIONAL STUDY OF 300 QUALITY CONTROL 
ORGANISATION IN THE U. K. , U, S. A. , AND EUROPE.
INTRODUCTORY PART;
Question 
No:_____
1
2
3
4
9
10
11
12
13
14
15
16
/
C ate rp i l la r  Glasgow R em arks
C a te rp i l la r  T r a c to r  Co. Ltd.
Glasgow, Scotland
Earthm oving Equipment 3 models
Subsidiary  to C a te rp i l la r  T ra c to r  C o . ,
P e o r ia ,  Illinois, U .S .A .
Sm all Batches 100 to 500 p a r ts  p e r  
run.
C onsiderable  m ajo r technical changes in 
p repara t ion  for new product line.
G radual change to production system  
towards m ore  automation.
A complete long te rm  plan has been developed 
and will be updated annually on a 5 -y ea r  b as is .
7 64 powered m achine tools.
24 N. C, machine tools
423, 000 sq. ft.of machine shop space
60 sq. ft. pe r  machine tool.
14, 000 sq, ft. for Inspection
1, 700, 000 kwh per month of power 
consumption fo r  machine shop.
P lant IManager - Chief Executive 
C urren t organisation chart attached
3% of all m /c  tools.
1,2m .sq .f t .to ta l fty.
m /c  tools take 45840 
sq .ft.balance is o ther 
equip .storage and 
passagew ays.
Approx 3% of to ta li ty .
rep o r ts  to V, P . 
Europe.
5 1 8 .
No: C a terp il la r  Glasgow: R em ark s:
17 1958
18 2338 employees all payro lls .
19 1692 hourly  paid employees.
964 hourly  d irec t  production
100 hourly  inspection 
26 weekly inspection 
24 monthly inspection  employees
20 Shop floor inspection predominantly .
21 N orm al w astage and re - t r a in in g  to 
o ther sk ills .
2 2  El, 200, 000 annual budget for labour 
and m a te r ia l  expense.
23 R es is tance  to Change
1. No to p ro tec t, s tatus
Yes to existing ways of doing things. 
P e rh a p s  to p ro tec t handskills  and 
knowledge.
Yes to p ro tec t job.
No to avoid scrap ing  of a sse ts .
Yes to avoid need to change system s. 
Yes to genera l  fe a r  of change.
Yes to avoid conflict with organised 
groups.
P e rh a p s  places Inspection in 
scientif ic  role .
2 .
3.
4.
5.
6 . 
7.
9.
24 Yes - Long te rm  plan developed for m ore  
automated CMM for Inspection.
Yes - m o re  autom atic gauging in tegrated 
into m achine tools.
F i r s t  M anufacturing P lan t 
fo r  C a te rp i l la r  outside USA.
72% of to ta l employees.
41% of to ta l employees 
57% of hourly  employees.
6% of hourly  paid employees,
All inspection employees 
re p re se n t  6% of total 
em ployees.
£8000 p e r  inspection 
employee.
£510 p e r  employee in plant.
Depends much on who 
answ ers  the question - 
paradoxica lly  m anagers  tend 
to r e s i s t  change because  of a 
basic  fea r  of negative r e ­
action by m anual opera to rs  
but genera lly  the shop floor 
recogn ise  the need for change 
and a re  ready  to accept.
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PART 2 - CO-ORDINATED MEASURING MACHINES.
No; C a te rp i l la r  Glasgow; R em arks:
Model Reason: Date:
Saturn 2000S Cost 1975
Cordax 300 Avail. 1968
Gamma Accur. 197 6
350 Size 196.9
Make: 
F e r r a n t i  
F e r r a n t i  
D. E. A. 
P o r tag e
Conference - Exhibition in 1968.
Yes, Quality Control M anager, 12 years .
A pproxim ately 2 y ears .
Visited supp lie rs  and u se rs .
T e s ts  show approx. 70% gain on each
i . e .  production and set-up.
Stored for five y ea rs .
Wall parti t ion  without roof but p re fe r  
a i r  conditioned clean room.
M akers  c laim  90% but much 
depends upon geom etry  of 
components.
Various schools of thought but 
c leanliness  is e ssen tia l  and 
clean room s a m ust in cast 
iron  dust environment.
9 In one case  best s ite  in the other it was 
a com prom ise  site.
10 Yes.
11 Yes. Mainly e lectronic  on the DEA 
machine and som e program m ing faults 
on the F e rran t i .
Major objective was to get 
compatability  with all 
software.
12 Contribution F ac to rs .
1. P ro f i t  - some in c rease
2. P roductiv ity  - m ajo r in c rease
3. Cost Reduction - m a jo r  in c rease
4. Speed of checks - m a jo r  in c rease
5. A ccuracy of checks - m ajo r incr.
6. Set-Up tim es reduction - m ajo r incr.
7. R epeatability  of checks - some incr.
8. Reliability  of checks - some increase .
9. Calculating e r r o r s  - m inor increase .
M ajor fac to r  tends to be 
productivity  but CMM has to 
be utilised  fully to justify its 
existence.
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13 Decision F ac to rs .
1. F a s te r  - Vital
2. A ccuracy  - Very
3. Repeatability  - Important
4. L abour Saving - Important
5. L ess  P roduction  Downtime - Vital
6. B e t te r  Data -, Vital
7. Reduced Inventories - Very
8. Cost Saving Gauges - Im portant
9. Keeping'up to date - Important
10. East of operating - Not considered
11. No need fo r spec ia l fixturing - Important
12. Safer - Vital,
13. Q uicker detection of machine tool varia tions - im portant.
14 Yes
15 Combination of s e rv ice  and self help.
16 Scrap Cost - cu rren tly  lower 
Rework - cu rren tly  lower.
F ie ld  complaints - cu rren tly  lower.
17 Combination of a ll  fac to rs .
18 B asically  a very  good investment 
provided p ro p e r  utilisation is made 
of the equipment.
The m arke t for CMM will grow over 
the next 20 y ea rs .
19 No, probably m ost work has been 
absorbed.
Key outcome of any 
quality plan.
This is the norm al re su lt  
technology does not rep lace  
people - it d isplaces them.
20 Yes, 3 ex tra  p lanners  were  added to 
the section.
21 C urren tly  6 full t im e opera to rs  mostly 
in the 40 to 44 y e a r  bracket with 12 to 
15 years  se rv ice .
22 Average age of all other inspectors  
is 41.
Inspectors  generally  
graduate  from  top machine 
opera tives.
23 All CMM opera to rs  come from 
surface  plate work.
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No: Caterpillar Glasgow: Remarks;
24 Grades and w ages rem ained the sam e.
25 Both the Influence and Pow er of the 
operators have in creased ,
26 R elationships have im proved,
27 Strongly d isagree  that in tegration .w ill 
take p lace,
28 M ildly d isagree  that the in spector w ill 
becom e d issa tis fied  with tom orrow 's  
work.
Other advanced technology  
being in sta lled  in p ara lle l
Com puters carry  a m ystic  
about them .
Inspection  force w ill 
reduce.
T om orrow 's job w ill be 
preventive and analytical.
29 Both the CMM operator and the other 
in sp ectors experienced  a feelin g  of 
in creased  se lf  status.
30 On average it takes 12 w eeks to • 
com petently operate the CMM, T his  
would include basic  program m e 
interpretation,
31 At the beginning no involvem ent but 
la ter ly  y e s . Next tim e we invest 
we w ill include the operator in a 
v is it  to the supplier.
32 Y es. O perators fa iled  m ainly due to 
lack of confidence in th em selves - 
they norm ally returned to their  
previous assignment"*'
33 No labour problem s as yet.
Im portant to .get early  
acceptance on the shop 
floor from  operator and 
m anager.
T his is  a w ritten and 
agreed procedure at 
C aterp illar.
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OVERALL RESPONSE TO QUESTIONNAIRES SHOWN IN APPENDIX I 
AND APPENDIX J.
R esult; Some C onclusions:
1.
2 .
Mean value on operating  
exp erien ce was 2. 2 yrs  
with m axim um  of 4 y rs .
O peratives of the new 
equipment averaged 36 
y ears of age - the 
Control Group had 
approx. the sam e  
average w hile the 
average age of all 
inspection  personnel 
was 41 vea rs .
Indicative of new ness of technology and 
com parable with worldwide survey  of 
m anufacturers which revea led  an 8 to 
10 year com m ercia l life . (Equipment 
order and delivery  takes approx. 2 yrs  
- this shows the order of concern for  
continuous re-in vestm en t of new tech ­
nology.
Tendency to stream  younger men into 
the new technology - perhaps in the 
b elie f that it is harder to train  "old 
dogs" new tr ick s.
Total inspection  exp er­
ience including the new 
technology tim e was 8.16 
years for the operatives  
and 6. 5 y ears for the 
Control Group.
New technology operatives  
w ere 100% blue co llar  
prior to m oving to in sp ect­
ion. 58% w ere m achine 
op eratives, 16% bench  
fitting, the balance w ere  
from  m isc . blue co llar  
jobs.
5 years ago 30% of today's 
operatives w ere already in 
the inspection  field  - the 
balance w ere s t i l l  in m /c  
operating tasks.
The move to the new tech ­
nology was a definite  
promotion for 92% of the 
op eratives.
Although the operatives w ere found to 
be yoqnger on average than the in sp ect­
ion group as a whole, their depth of 
experience in inspection  work prior to 
going into the new technology was con­
siderab le .
Company system  in prom otion from  
within thus tending to push people up 
through various grades of sk ill 
esp ec ia lly  on m achine to o ls . Inspection  
is highest labour grade and considered  
a 'good' job.
Confirm s depth of sk ill and knowledge 
within Inspection field  itse lf.
Confirm s author's theory on the actual 
effect of "apparent" lab ou r-sav in g  new  
technology. P eop le gain despite d e­
sk illing . The status and financial 
attraction overcom es the fear of the new 
and unknown technology.
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Result; Some Conclusions:
7. 90% felt that th eir  individual status had 
im proved s in ce  m oving to the new tech ­
nology. 54% said  much m ore and 37% 
m ore. 29% felt much m ore se lf  a s su r ­
ance and 30% m ore while 31% said no 
change. T here was an even distribution  
about the no change on the question of 
concern for the new technology, 25% 
m ore and 24% le s s .  45% felt they had 
m ore influence over the-m achine  
operator. 12% felt that they had much 
m ore power with the Production  
Supervisor.
14% felt that the new technology was 
much m ore easy  to operate - 29% 
said  m ore but 28% said  it was m ore  
difficult than their previous job.
(The Control Group w ere alm ost 100% 
certain  that they would derive greater  
sa tisfaction  of job should they m ove 
to the new technology).
T his question had a tim e fram e from  
fir s t to current reaction . R esults 
showed that 37% of the Production  
Supervisors d istrusted  the new tech ­
nology and asked for double checks 
by the plate method. Currently  
70% do not understand the output,
The greater  the m ystic  of 
new technology then the 
greater it seem s to surround  
the operative with im portance  
and thus status. Equally con­
fidence grow s with s u c c e s s ­
ful operation of the"m agic". 
Strangely not many would 
admit being over-aw ed  by the 
technology even at the start 
(nobody wants to step  down 
from  a p rom otion ).T he m /c  
operatives began to fe e l that 
the inspection  was actually  
trying to help h im .P rod u ction  
Supervisors tend to resp ect  
com puter prin t-outs as being  
authentic and a ll true. 
P h y sica lly  the new technology  
is  e a s ie r  to handle how ever  
m entally  it se ts  greater d e­
mands esp ec ia lly  at the start  
of a learn ing curve, (A lm ost 
a ll would gain prom otion).
Prod. Supervisors w ill read ily  
understand the b asic  plate 
check-they  view  the new tech ­
nology with an elem ent of d is ­
trust as they cannot se e  how 
it a ll happens. C onsistent 
reliab le  resu lts  overcom e this 
and leave only a question of 
education to so lve  the output 
problem .
9. G enerally  the operatives w ere happy 
with the new technology although 23% 
thought it 'too sim ple' and 27% did 
not lik e  the com puter at f ir s t . (The 
Control Group w ere concerned about 
finding problem s which w ere p re­
v iou sly  acceptable and being de­
sk illed  by autom ation).
10. 7 0% of the group did other work m ainly  
on standard surface p lates in addition  
to their work on the new technology.
It would appear that in itia lly  
anyway the operatives are  
happy with the new techno­
logy - job enrichm ent!
Both points are true to som e  
degree.
C ertain work is in fact 
quicker on the b asic  plate 
than other m eth od s-a lso  the 
operatives obviously like to 
keep their hand in with the 
old m ethods.
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Result; Some Conclusions:
11. Work R elationships with the
Production Supervisor im proved. 50% 
said  greatly  im proved - 49%.said im p­
roved, R elations with m achine 
operators im proved for 66% of the 
group while the balance felt no change.
12. 66% stated that other people used their  
new technology m ainly white co llar  
planners. (Control Group felt anyone 
should use it - like the office desk  
calcu lator).
13. The operatives analysed their output 
100% with 51% approxim ately being' 
double checked by the Inspection  
su p erv isor .
14. The m ean point on the Learning Curve 
to Competent Operation of the new 
technology was 3. 4 m onths. 50% of 
a ll operators w ere training and - 
instructed  by one man. 33% w ere  
trained by their p red ecesso r  on the 
m achine.
New technology seek s im p­
rovem ent and guidance for the 
user. Both P rod , su p erv isors  
and m /c  operators fee l the 
in spector through this new 
m achine is  trying to find ways 
to pass the component not 
reject it.
New operatives tend to guard 
their tasks for personal 
secu r ity  of job. Control Grp 
m em bers have nothing to lo se .
The print out data has to be 
"translated" to the m /c  tool 
controls for correction  or 
adjustm ent if n ecessa ry  to 
bring the component into line .
M anufacturers of this new 
technology suggest that op er­
ators could be trained in as 
litt le  as 4 hrs; th is is  evident­
ly  sa le s  propaganda. T raining  
tends to be conducted by few  
people when new technology is  
introduced for obvious reason s  
of lim ited  knowledge.
15. 7 0% of the operative group thought that 
program m ing the m achine was the m ost 
difficult part. A further group thought 
understanding the output and rem em b er­
ing the manual code routines.
Each new component presen ts  
a new geom etry and th erefore  
a new challenge to the op er­
ative as he seek s  the optimum  
program m e for speed and 
e ffectiv en ess.
16. If they w ere not on this new technology  
25% of the group would have preferred  
white co llar  planning and 29% su per­
v ision . The balance had no p referen ce.
17. New technology often creates problem s 
at hand over tim es if a job is only 
partly m easured . 37% felt it was 'easy' 
to pick up the threads of a half com plete  
task but 58% stated that they preferred  
to start from  scratch .
! . . .
The m ajority of this group 
seek  further personal fu l­
film ent and are on a pro­
motion drive.
O viously if the component is  
fully program m ed then it b e­
com es a question of letting the 
m /c  go thru its cycle  to the 
end. If the m easure is  done 
m anually then there is  a good 
risk  that sp ec ific  checks w ill 
be om itted. The good in sp ect­
or would not take that risk .
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Result: Some Conclusions:
18, O peratives w ere asked to rate certain  
item s as they thought of them in term s  
of im portance.
70% thought fa ster  checking was of v ita l 
im portance. 25% thought fa ster  check­
ing was v ery  im portant.
50% thought m ore accuracy  of v ita l 
im portance and 33% very  im portant.
20% thought better-repeatab ility  of 
vita l im portance and 50% very  
im portant.
12% thought le s s  waiting for production  
m achines to be very  im portant. 37% 
saw  th is item  as im portant but 45% - 
though it unimportant.
54% thought that le s s  hand calculations 
w ere important and 33% saw th ese  as 
unimportant.
33% thought that no awkward fixtures  
w ere important w hile 20% saw these  
as being unimportant.
25% saw the east of operation to be 
important; 37% thought it unimportant 
and 25% not even d iscu ssed .
A ll of th ese  factors are p er­
sonal i. e. betw een man and 
m achine and tend not to 
threaten  the operator in any 
rea l term s.
T his is  one of the key ROI 
factors but it is  not n e c e s s a ­
r ily  im portant to the opera­
tive.
The group who thought it un­
important we assum e lean  
this way in com parison to 
som e of the other factors but 
as for it and ease  of operation  
one would assu m e that th ese  
would be seen  as at lea st  
important in the eyes of the 
operative.
19. Each operative was asked to estim ate  
how much faster  it was to do a set up 
on the new technology. 37% thought it 
60% fa ster  and 25% stated 70% plus.
20. O peratives w ere sp lit on the question of 
m erging the inspection  role  into the 
production team ,
33% strongly  d isagree.
29% m ild d isagreem ent.
16% neither agree nor d isagree.
20% m ildly agree.
M anufacturers of this new 
technology suggest that it can 
be up to 90% faster . In sep a ­
rate te s ts  carried  out at 
C aterpillar on 10 components 
we averaged 68% faster .
Probably a problem  which 
w ill have to be faced in the 
future as the Inspection  
T echnology and Production  
Technology m erge into one - 
so must the manpower one 
might assu m e.
(Control group w ere  
proposal).
80% against this
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Result:
21. Contrary to the positive  trend on the 
question 18 on factors of im portance  
operatives are very  much aware of 
the d e -sk illin g  tendency.
50% w ere v ery  concerned about le s s  
sk ill. 33% w ere concerned and 12% 
not w orried.
28% w ere very  concerned about le s s  
knowledge. 50% w ere concerned and 
25% not w orried.
45% w ere very  concerned about few er  
operatives - 33% w ere not w orried  
and 16% w ere encouraged by p rogress .
{The Control Group w ere le s s  con­
cerned about le s s  knowledge and le s s  
sk ill but 66% thought the question o f  
few er op eratives to be a m atter of 
great concern).
Some Conclusions:__________
Key question  on how easy  or 
difficult the in -road s of new 
technology w ill be into in ­
dustry. T rade Unions are  
susp ic ious of a ll d e -sk illin g  
(except th ose unions whose 
m em bers are not n ecessa r ily  
tim e-serv e d ). New techno­
logy tends to im prove the lot 
of the individual operative  
but m ust inevitably  reduce  
the overa ll number of people 
em ployed which again is 
contrary to trade unions' 
ob jectives.
22. 70% of the group thought the new tech ­
nology should be housed in a sp ecia l 
air conditioned room , 20% said the 
open workshop was better. (The 
Control Group tended to agree with 
the m ajority).
23. Over 58% of the operatives w ere tim e-  
served  and 60% held som e form  of tech ­
nical qualification .
24. 66% of the group thought they could get 
further prom otion again m ainly to 
supervision; 33% and planning 33%.
T his resp on se m ay be due to 
the concern for c lean lin ess  
and th erefore accuracy or it 
maybe for status im provem ent.
As a ll of this group w ere on 
the top hourly paid grade they  
could only m ove to a w eekly  
or monthly paid assignm ent 
in a prom otion or alternatively  
m ove sidew ays to another 
and different task.
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a p p e n d i x  m .
The R esearch  Design for the Multinational P lan ts ,
Introduction:
A description of the worldwide organisation of C a te rp illa r  T ra c to r  
Company is given in Appendix N tracing  its early  h istory through to 
the most recent developments of product, plant and process technology. 
C a te rp illa r 's  tw enty-five  m anufacturing plants located in ten d ifferent 
countries throughout the world as shown in Table No:N l has to yield, due 
to its sheer magnitude and committed objective of continuous growth, a 
v e ry  substantial amount of knowledge on the impact of new technologies 
in the m anufacturing industry. It  was therefore decided to include the 
C ate rp illa r m ultinational in  the research project in o rder to fu rther  
probe the argument that new technologies are making such an impact on 
manufacturing industries that it  is having an effect on the production 
systems, organisation structures and people employed in these industries. 
Quite apart from  the possible contribution that this section may have to 
managements of other m ultinational organisations in term s of the con­
clusions and recommendations which w ill be forthcom ing in this section, 
the strategy used and the results obtained w ill be an im portant fo re ­
runner to a much w ider research of many m anufacturing industries in a 
la te r  chapter.
The Concept of the Research Method.
The research vehicle to be used fo r the m ultinational study was in the 
m ain a w ritten  questionnaire designed to suit the C a te rp illa r  system and 
type of organisation. In  addition to the questionnaire, the research was 
fu rth e r reinforced by personal v is its  to 10 C a te rp illa r  plants, 6 in  the 
U. S, A , , and 4 in Europe - this allowed fo r face to face interviews and 
shopfloor observation of both the new technology hardw are and the person­
nel using the equipment. T h ere fo re  much of the data presented in the 
returned questionnaire was embellished with inform ation gained during 
these personal v is its . In  general the purpose was to seek the necessary  
inform ation through 25 Q uality Control Managers located in each of the
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worldwide plants, but as the data was highly detailed, many other emp­
loyees from  various disciplines in each plant would requ ire  to make 
some input in order that the questionnaires would be c o rrec tly  completed. 
What type of in form ation was requested and why? The basic objective 
rem ained the same in that the research  was to attem pt to isolate factors  
of new technology which could have an impact on m anufacturing industry.
It was therefo re  indispensable to not only probe the technology of m ea­
suring machines but also to investigate other re la to rs  such as machine 
tools, flo or space and expense budgets. To  accomplish this it became 
necessary that th ree questionnaires be designed, one to cover the central 
question of C o-ordinate M easuring machines, a second to review  P lant 
and Machine Shop and fin a lly  a th ird  to examine People and the O rganisa­
tion of Q uality  Control. T h ere  w ere a total of 66 questions in the fin a l 
design of the combined questionnaires with some specific questions c a rry ­
ing m ultivarian t responses thus extending the research  to a possible 258 
bits of data.
Again as in the exercise conducted in the single m anufacturing plant of 
C a te rp illa r  at Glasgow as discussed in Chapter 4, a p ilot study was con­
ducted in the single plant at Glasgow in order that a test of v iab ility  and 
true  m easurem ent of the proposed questionnaire be obtained. This was 
achieved by splitting  the combined questionnaire into its three component 
parts and asking the most qualified manager in each p a rtic u la r function 
to attem pt questions and complete the answers, as best he could, note 
his tim e in completing the exercise and comment on any im provem ents  
which m ay change the design fo r the better. The P lant Engineering  
M anager was asked to complete the section on P lant and Machine Tools, 
a subject on which he was very  knowledgeable, then four managers in  the 
Q uality  Control Departm ent w ere asked to complete the other two 
questionnaires m aking a to ta l of eight returns, four on the People and 
Organisation of Q uality  Control and four on the C o-ordinate M easuring  
Machines. Th is f irs t  p ilot run was conducted between October and 
Novem ber 1977 and resulted in several changes to the overa ll design of 
a ll three questionnaires, some questions w ere dropped out while others 
w ere added, again in an endeavour to obtain the best possible vehicle to
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get the required research data. The fina l questionnaire which was 
ultim ate ly  used in the m ultinational research is shown in Appendix K and 
it should be noted that the questionnaire had been purposely photo-reduc­
ed and reprinted on both sides of a quarto size sheet thus cutting the 
overa ll size by 75 percent and hopefully giving the respondent less work  
to do working through a thick questionnaire. A ll  of the inform ation  
collected in the survey of the m ultinational has not been discussed in the 
text of this Chapter.
The whole strategy behind the design of these questionnaires to the 25 
m anufacturing plants of the C a te rp illa r T ra c to r  Company was indeed a 
stepping stone toward the w ider exercise of researching a la rge  number 
of m anufacturing plants in a va rie ty  of different types of business 
activ ities . The 10 questions with a possible total data bank of 21 bits on 
the P lant and M achine Shop questionnaire were considered of p rim e  
im portance in order that the follow ing questions could be developed and 
answered:-
F ive  Key Elem ents of Enquiry on P lant and Machine Shop,
1. What is the size and nature of the existing technology re lated  to m ach­
ine tools and in p a rtic u la r num erical control machine tools?
2. When social scientists and other researchers discuss "s ize", they 
invariab ly  use people as the common m easurement facto r but there  
are  several other size param eters in industry. Th is  research looks 
at floor space, machine tool size, kilowatt hour power consumption 
and size in accordance with finance that is , how large  is the budget? 
These questions may provide m ore accurate details on why new tech­
nologies sh’ould d iffe r in im pact from  one f irm  to another. Two firm s  
with identical numbers of people m ay dem onstrate different degrees 
of im pact, the casual effect could be re lated to an inadequate financial 
budget or insufficient flo o r space devoted to the inspection or quality  
control function.
3. The question of im pact or effect on production systems is included in  
the P lant and Machine Shop section of the questionnaire. Most p ro ­
duction systems are  controlled by the relationship of one machine tool 
to another, fo r example, rough m ill, turn, d r il l ,  fin ish m ill, grind, 
then fina l inspect could be a typical operational flow. However with the 
introduction of advanced m easuring technologies does this sequence 
change?
!...
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4. Long te rm  forecasts suggest that a ll gauging of production compon­
ents w ill be completed in or during the machining operation on the 
machine tool. A re  firm s  already planning for this or w ill they con­
tinue a fte r-th e -fa c t m easuring technologies fo r some tim e in the 
future?
5. The fin a l question on the P lant and Machine Shop questionnaire was 
adapted fro m  James R, B right's  lis t  of 12 Reasons Why New Techno­
logy is Opposed. (45) These reasons have been reduced to 9 and 
translated to apply to an inspection workforce w ithin the manufacturing  
industry.
Nine Key Elem ents of Enquiry on People and the Organisation of Q uality  
Control.
The second section of the three part questionnaire was concerned with  
People and the Organisation of Q uality  Control. Both of these factors i. e. 
people and organisation feature prom inently in the basic hypothesis of 
this research project as it is intended to ascertain  if  there is any causal 
link between the new technologies of m easuring machines and changes 
brought about on the people or the organisation. This questionnaire has 
a tota l of 27 questions with a m axim um  possib ility  of 114 bits of data, 
but it seeks to establish the following principal factors
1. What is the current shape of the Q uality Control Organisation structure  
and what new changes have been made, if  any, to accommodate the 
new advanced m easuring technologies? Again re lated  to this is the 
question of size, how many people a re  in the plant and at what leve l of 
payroll? U. S. m anufacturing firm s  consider manpower ratios as an 
im portant indicator of a healthy or unhealthy organisation, fo r example 
what is the ra tio  of d irect "producing” employees to that of indirect 
"serv ic ing” employees? This question is highly im portant as new 
machine tool technologies are  tending to reduce the number of d irect 
employees required fo r  the same or g reater output but what is happen­
ing to the aforementioned ratios if  s im ila r  new technologies are not 
pushed into the indirect areas?
2. Does the age of a m anufacturing plant have any influence on its ab ility  
to keep up to date with the latest "s ta te -o f-th e -a rt"  technologies? Do 
older plants have greater difficulties showing good re tu rn  on invest­
ment on proposed new equipment when the existing equipment is 
adequate? Th is  question w ill be developed in grea ter depth during the 
research of a la rge  number of manufacturing firm s .
3. Do the m anufacturing plants note a movement of control from  the shop- 
flo or to the office function because of the new advanced technology? 
What is the labour turnover, age of operatives and previous 
experience of operators of new technologies?
/ .........  -532-
4. One of the m ajor points of difference between trade unions and emp­
loyers must be that of sharing the benefits of new technologies. If  
the tim e taken to perfo rm  a given task is halved and operators, 
although not made redundant, are moved to other available work, 
should the operator of the new equipment enjoy a higher ra te  of pay?
It was shown that in  the C a te rp illa r  Glasgow plant's early  experience 
with N. C. equipment that eventually the management had to create  
two new levels of pay structure before the trade unions would accept 
the new technologies (Chapter 3, Section 3. page ). Many 
employers would c la im  that the benefits derived fro m  the new techno­
logies a re  shared by a ll employees in term s of the continuous operation  
of the plant as a viable proposition against com petitive forces.
Another re lated  factor must be that of sk ill, if  new advanced techno­
logies tend to d e -s k ill employees do employers re -w r ite  the job 
description to recognise few er s k ill or knowledge requirem ents or are  
these aspects of job evaluation ignored to avoid possible disputes and 
ultim ate disruption within the plant?
5. What added influence or power has the inspector gained through the 
new computer technology at his elbow? How has this affected if  at a ll 
his relationship with his peers such as other inspectors and m achinists, 
then his superiors such as production supervisors? What has been
the production supervisor's  reaction to the new service? Has the new 
technology had any effect on the inspector's status?
6. Technology is advancing so rap id ly  that while it  was com forting at one 
tim e to consider that the new changes would not come to affect people 
in th e ir  own w ork lifespan, this is no longer the case. Changes which 
w ere noted in term s of decades a re  now being effected in years, thus 
what is useful today could be obsolete tom orrow  or at least next year. 
A re  shop flo or personnel aware of this acceleration, and would they 
accept rad ica l changes in th e ir  long established w ork patterns, such 
as the integration of inspection into the production system? Would 
this lead to dissatisfaction and an increase in grievances at the hourly  
paid blue co lla r inspection levels?
7. The utilisation of high capital cost equipment is of paramount im p o rt­
ance and a question is raised to determ ine what manning arrangem ents  
are made to provide the optimum service to the production operation.
8. The whole question of partic ipation by employees in the functioning of 
the organisation has been discussed at great length in  the lite ra tu re  
but does this re a lly  take place or is it desirable fro m  the viewpoint of 
shopfloor management? To  ascertain  this, a question was constructed 
to determ ine to what degree that the blue co llar inspector was involved 
in the decision-m aking on the new m easuring machines? A fte r  a ll, 
this inspector has probably m ore experience on the concept of m ea­
suring than a ll the levels of employees above him , but is this 
experience utilised or ignored and whichever way why? Perhaps  
re lated to the above is the question of labour problems which resulted
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in disputes due d irec tly  to the new technologies coining into the plant, 
did the other C a te rp illa r  plants have any disputes?
9. The rem ain ing questions developed in this section w ere concerned 
with learn ing curves, tra in ing  m edia and back-up services fo r the 
planning and preparation of computer m easuring program m es and 
tapes.
Nine Key Elem ents of Enquiry on Co-ordinate M easuring Machines.
The last section of the three part questionnaire was inevitably concerned 
with C o-ordinate M easuring Machines, the new technology central to this 
res each project. Th is section as shown in Appendix K  had a to ta l of 29 
individual questions and a possible maximum  of 123 bits of data.
1. The in itia l questions in this section w ere concerned with the m easuring  
machine hardw are, what type and model of machine was used by each 
plant, why was this type selected, when was it selected? Of the equip­
ment used what periphera l units w ere included to im prove the output 
fro m  the basic system? This data was im portant to the overa ll r e ­
search in order that comparisons be made between C a te rp illa r  as a 
m ultinational corporation, the actual sales made by suppliers of this 
new technology and the results obtained from  the research  on a much 
w ider spectrum  of users. Quite apart from  the benefits of this r e ­
search to other managements using or potentially using this equipment, 
the results of the above series of questions would be of v ita l im portance  
to the suppliers and m anufacturers of this equipment.
2. T h ere  has been some research in the lite ra tu re  concerned with d e ter­
m ining how new technology gets into manufacturing industry. Does 
this come about by pressure fro m  a parent organisation or is it one 
p a rtic u la r individual pushing fo r the new technology? How long does it 
take fo r the new technology to move from  the concept stage to that of 
comm issioning and installing  in the plant? To  what degree of investi­
gation does a f irm  go to, to aid the decision-m aking fo r the capital 
investment -  do they v is it other users, several suppliers, seek advice 
from  independent agencies such as governmental bodies?
3. Related to question 7 as detailed in the aforementioned questionnaire 
on People and Organisation,what have been the true results of u tilis a ­
tion of this new equipment? Have the two key advantages been obtained, 
that is a reduction in waiting tim e on production machine tools, and 
secondly, a reduction in the tim e required to perfo rm  the actual 
measure? What decisions were reached on the disposition of expensive 
gauge equipment made obsolete by the new technology? This second 
question was considered im portant to get some m easure on the con­
fidence of management by moving from  a very  long established techno­
logy to an en tire ly  new technology together with the consequences of
holding onto old methods. Th is again was reflected  in the single
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m anufacturing plant study at C a te rp illa r  Glasgow where it was shown 
that due to ea rly  problems with the new N. C. d r ills , the line manage­
ment insisted on the retention of the old rad ia l d r i l l  equipment, this 
equipment is s t il l  in use today - See Chapter 3, Section S . O  page / / ^
4. "F ringe  technologies" such as m easuring machines as compared with  
"cen tra l” technologies in term s of machine tools tend to receive less 
consideration in the overa ll planning strategy of the manufacturing  
sequence. Th is  it is argued is p r im a r ily  due to the fact that such 
fringe technologies do not add value to the product as fo r example by 
cutting, shaping or heat treating  in order to change m eta llu rg ica l 
properties of that product. The re tu rn  on investment fo r the basic 
m easuring machine has to be very  carefu lly  analysed and must obviously 
re flec t its e lf in some im provem ent to the investment on the central 
technology of machine tools by, fo r  example, extending the machine 
tools cutting tim e  and therefore  its productivity. It  is therefo re  an 
even g rea ter task fo r the advocate of new m easuring machine techno­
logies to ju stify  the case fo r special shop flo o r conditions to house
this new technology and indeed to seek the best location within the 
machine shop fo r the m easuring machine.
A question has been set up to attempt to establish how many plants in  
the m ultinational corporation w ere using special fac ilitie s  fo r locating  
the C M M  equipment and if  the actual location is in the optimum  
position to gain m axim um  benefits,
5. Another im portant aspect of the research project was concerned with  
the early  hour re lia b ility  of the equipment, in that how many hours of 
downtime w ere experienced a fte r the new technology was f irs t  installed  
and what was the basic cause of this downtime?
6. Two of the most searching questions in the research  project are  those 
d irec tly  concerned with Contribution and Decision Factors fo r Invest­
ment. These questions w ere  designed on a m ulti-cho ice  basis with  
five factors of variance moving from  m ajor increase to m ajor decrease 
over nine key item s of contribution such as P ro fit , P roductiv ity , Speed 
and others. The second question on Decision Factors consisted of 
five variab les of rating  fro m  V ita l Im portance to Not Considered  
spread over th irteen  key item s re lated to the decision fo r  investment, 
such as M ore  Accuracy, Labour-Saving, Reduced Inventories and 
others. The results of both questions would give a pattern to manage­
ment on the most common decision path to follow fo r acquisition of the 
new technology and secondly what degree of re a l contribution they should 
expect to gain when the new technology is in operation?
7. A group of question w ere set in an attempt to investigate the depth to 
which management had gone in long te rm  planning of the optimum use 
of the new technology. F o r example, had they established which com­
ponents at which point in the machining operation w ere to be measured  
over the m easuring machine? Was this done on a high cost value 
basis, high volume and /or most c r it ic a l components? Had manage­
ment c lea rly  determ ined how to load the new equipment to capacity?
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8. The accelerated pace of new technology could resu lt in technological 
leapfrogging, fo r example, a m easuring machine which was so accurate  
in m easurem ent m ay suggest to some design engineers that tighter 
blueprint specifications are  feasible but this could in turn  resu lt in the 
need fo r m ore accurate machine tools at higher capital costs to the 
f irm , when the basic concept of fitness fo r use maybe perfectly  ade­
quate with the previous equipment fo r both m easurem ent and machining. 
What and how are d ifferent plants doing to control this?
9. Several other questions in this fin a l section of the questionnaire included 
items on maintenance policy to service the equipment, the possible
use of the C M M  fo r  non-production components, and the whole question 
of justification of a fu lly  automated co-ordinate m easuring system.
The fin a l design of the tr ip a rtite  questionnaire was posted out to the 25 
m anufacturing plants of C a te rp illa r  T ra c to r  Company during January 1978. 
As previously stated a ll of the findings in the above research  of the m u lti­
national have not been included in the text. D etails  m ore closely associa­
ted w ith the research  objectives have been discussed in the text and a 
sum m ary of a ll findings is given in Appendix P ,
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A P P E N D IX  N
C A T E R P IL L A R  - T H E  M U L T IN A T IO N A L  O R G A N IS A T IO N .
In  C hapter 3 the developm ent and organisation of the Single M an u fac tu r­
ing P la n t of C a te rp illa r  T ra c to r  Com pany, L im ite d  at Glasgow was 
discussed in  som e deta il. T h is  was considered a necessary  and 
im po rtan t p a rt of the re se a rc h  on the im pact of new technology on the  
ind iv idua l p lant. In  a s im ila r  m anner, the p a tte rn  of the study on the 
m u ltin a tio n a l organisation of C a te rp illa r  T ra c to r  Company w il l  s ta rt  
w ith  a b r ie f  re v iew  of the com pany's h is to ry  and c u rre n t status as a 
w orldw ide e n te rp ris e .
F o r  m o re  than 50 years  C a te rp illa r  tra c k -ty p e  tra c to rs  have been  
doing the w o rld 's  w o rk . T h e  s to ry  of C a te rp illa r , how ever, is much 
m o re  than the s to ry  of the c ra w le r  tra c to r , although th is is the m achine  
m ost re a d ily  associated w ith C a te rp illa r . Today C a te rp illa r 's  product 
lin e  includes also w h ee l-typ e  tra c to rs , s c rap ers , tra c k -ty p e  and 
w h eel-type  loading shovels, m otor g rad ers , bu lld o zers  and r ip p e rs , 
in d u s tr ia l engines and a g r ic u ltu ra l tools and a range of fo rk  l i f t  trucks  
and other m a te r ia ls  handling equipm ent. T o  find C a te rp illa r 's  o rig ins  
it  is necessary  to look back one hundred years  to the p ioneering days 
of the A m e ric a n  W est. It  was then that two young m en. Best and H o lt 
by nam e, f ir s t  began to produce the m ach in ery  that led  to the fo rm atio n  
of the C. L . B est T ra c to r  C o . , and the H o lt M anufacturing  C o . , who 
w ere  the predecessors  of C a te rp illa r  T ra c to r  Co. In  the e a rly  days 
both H o lt and Best produced a g ric u ltu ra l m ach in ery  and it  was th e ir  
developm ent of the com bine h a rv e s te r that brought them  success. 
Combines grew  la r g e r  and la rg e r . H o lt m ade one in  1893 w ith  a 50-foot 
cut, the la rg e r  m achines req u ire d  as many as 40 horses to pu ll them  
and 6 m en to operate them , but often the horses sank deeply into the 
so il and churned up the soft ground. F a rm e rs  wanted m o re  power - 
compact pow er -  that would r id e  on top of the y ie ld in g  land. Was 
steam  the answer? B est and H olt led the W est Coast in  the production  
of steam  tra c tio n  engines during the "B ig  Steam  E ra "  of 1890-1910 .
Best sold his f ir s t  "s te a m er"  in  1889, H olt fo llow ed w ith  his f ir s t  
m achine in  1890, a tra c to r  that operated w in te r and sum m er fo r  the 
next q u a rte r  century. As capacity im proved, weight increased , wheels
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sank s t i l l  deeper into the soft earth . T o  combat th is tendency and 
provide in creased  b earing  a rea , both companies added la rg e r  and 
la rg e r  w heels, H o lt b u ilt a m onster w ith th re e  6- f t . , w ide wheels on 
e ith e r  side, each being 7. ft. 6 in s . , in d iam e te r w ith the o v e ra ll 
t ra c to r  w idth an enorm ous 45 ft. 8 ins.
T h e  F ir s t  P ra c t ic a l C ra w le r -T ra c to r .
In  the f ir s t  years  of the tw entieth  century. H olt began to approach the 
tra c tio n  p rob lem  fro m  a d iffe ren t angle. The need fo r  a p r im e  m over 
of la rg e r  ground contact a re a , yet w ith  high m an o eu vrab ility , led  h im  
to the idea of a tra c k -la y in g  tra c to r . T h e  concept of a m achine that 
la id  and picked up its  own broad base as it  went along was hundreds of 
years  old, but the p rin c ip le  had never been applied on a c o m m e rc ia lly  
successful bas is . H o lt ingeniously combined old ideas and created  
new ones, m ounting a p a ir  of rough tracks  on a steam  engine fro m  
which the w heel had been rem oved, the re su lt was the w o rld 's  f ir s t  
p ra c tic a l c ra w le r - t ra c to r  tested in 1904 in C a lifo rn ia , In  1906 gasoline  
pow er began to rep la c e  steam  and the new c a r r ie r  becam e m o re  v e rs a ­
t i le  and cheaper to operate. Though its  f ir s t  m a rk e t was the fa rm  it  
eventually  becam e a tim e -s a v in g  too l fo r  loggers and b u ild ers . In  
those days when m otor tru ck in g  and road construction w ere  s t i l l  in  
th e ir  infancy, the  c ra w le r  was much in  demand fo r  overland fre ig h tin g  
as w e ll. L a te r , as it helped construct the roads that m ade short haul 
fre ig h tin g  the exclusive province of the tra c k , it  l i te r a l ly  b u ilt its e lf  
out of a m a rk e t. In  fact the c ra w le r -t ra c to r  led  to the ro ad -m ak in g  
boom in the U , S. A , , a fte r  W o rld  W a r 1,
C a te rp illa r  In co rp o ra ted ,
In  1925, the H o lt and Best organisations combined to fo rm  C a te rp illa r
T ra c to r  C o . , and because of geographical advantages, m anufacturing
was centered at P e o r ia , Il lin o is , Th e  years  im m e d ia te ly  fo llow ing the
m e rg e r  saw rap id  developm ent, not only in  the c r a w le r - t r a c to r  its e lf,
but also in  the equipm ent designed to w ork w ith  it . New tools appeared
in  fro n t, behind and on top of the tra c to r  -  ru b b er ty re d  wagons and
s c ra p e rs , b u lld o ze rs , r ip p e rs , p ip e layers , fro n t-e n d  shovels and a 
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great v a r ie ty  of a g r ic u ltu ra l m ach inery . As tim e  passed C a te rp illa r  
devoted m o re  and m o re  engineering and m anufacturing  to the needs of 
the construction m an and the road b u ild er.
New P o w er - D ie s e l
M eanw hile , in  the la te  1920 's , Company engineers w e re  th inking in  
te rm s  of a new type of power - d iese l. O ver a m illio n  d o lla rs  w ere  
spent in  re se a rc h  which preceded the f ir s t  C a te rp illa r  D ie s e l T ra c to r  
of 1931. Even in  the throes of the D epression , recep tion  was enthusias­
tic  and news of d iese l economy, the fact the new engines burned low  
cost fue l (and less of it)  cutting fu e l b ills  by 50-80% , spread rap id ly . 
Because of the g reat demand. C a te rp illa r  soon entered  the d iese l 
engine fie ld , supplying d iese l engines to s a w m ills , cotton gins, rock  
cru sh ers , ir r ig a t io n  pumps, in d u s tria l plants and m anufactu rers  of 
pow er d riv en  equipm ent such as excavators, com pressors , d r i l l  r ig s  
and locom otives. L a te r  spec ia l m a rin e  d iesels and d iese l e le c tric  sets 
w ere  added to the fast grow ing lin e , and a ll o ver the w o rld  the new 
d iese l c ra w le r  resu lted  in earthm oving costs going down. Th e  begin­
ning of W o rld  W a r I I  brought a new need fo r  tra c to rs  and road m ach inery  
to build  a irp o rts , m il i ta ry  roads and w a r p lants, to c le a r  land and haul 
supplies, to h it the beach w ith  the f ir s t  waves of am phibious landings, 
a need fo r  engines and e le c tr ic  sets to fu rn ish  ligh t and pow er fo r  
advance bases, iso lated  locations and bom bed-out a rea s . As in  W o rld  
W a r I ,  the C a te rp illa r  tra c k -ty p e  tra c to r  becam e a fa m ilia r  sight on 
A llie d  figh ting  fron ts  a ll  over the w o rld . M il i ta r y  construction men  
found it an indispensable tool, p a r t ic u la r ly  fo r  rap id  schedule a ir f ie ld  
and road construction needs.
P ost W a r Expansion.
A fte r  the w a r C a te rp illa r  launched a broad expansion p ro g ram m e to 
handle the increased  demand fo r  earthm oving equipm ent. T h is  p ro ­
g ram m e involved an investm ent of £130 m illio n  in  new land, build ings, 
m ach inery  and equipm ent in  the 13 years  1946-1958 . In  1945 C a te r ­
p i l la r 's  m anufacturing  fa c ilit ie s  w ere  lim ite d  to two plants in  the  
U nited States, today C a te rp illa r  has 56, 000 em ployees and operates  
!  -5 4 0 -
tw elve  m anufacturing  plants in  the U . S. A . , in  addition to m anufacturing  
fa c ilit ie s  in  B r ita in , B ra z i l ,  A u s tra lia , F ra n c e , Canada, B elg ium ,
India and Japan. A n In d u s tr ia l Engine P lan t and a T e c h n ic a l and R e ­
search  C en ter a re  among the new plants constructed in  the United  
States. W ith  the perio d  of re -b u ild in g  and expansion that follow ed  
W o rld  W a r I I ,  th e re  was an increased  need fo r  C a te rp illa r  equipment 
throughout the w o rld . W ith  w o rld  m arke ts  and the spec ia l needs of 
custom ers in  the s te rlin g  areas in  m ind, the Com pany decided fo r  the  
f ir s t  tim e  to estab lish  m anufacturing fa c ilit ie s  outside the U nited  
States. Th e  f ir s t  to be fo rm ed  was the B r it is h  su b s id ia ry   ^.C a te rp illa r  
T ra c to r  Co. L t d . , whose o rig in a l purpose was to p ro cu re , inspect 
and d is trib u te  genuine C a te rp illa r  p a rts . In  addition to a parts  depot 
at L e ic e s te r , B r it is h  C a te rp illa r  now has two m anufacturing  plants at 
Glasgow and N ew castle . T h e  subsid iary  in  B r a z i l  was fo rm ed  in  1954. 
Its  f ir s t  task was also to act as a parts  m arke tin g  organisation, but a 
m anufacturing plant has now been bu ilt at Sao P au lo . The A u s tra lia n  
subsid iary  was fo rm ed  in  1955 and has a plant at M elbourne. O th er  
recen t C a te rp illa r  m anufactring  subsid iaries  include the F ren ch  
company, fo rm ed  in  1960 w ith  a plant at G renoble, and operations in  
B elg ium  and Japan. In  1965 C a te rp illa r  acquired the To w m otor  
C orporation , a leading A m e ric a n  m an u factu rer of fo rk  l i f t  trucks  which  
a re  now m arke ted  on a w orldw ide scale. Today C a te rp illa r  em ploys  
some 83, 000 m en and women in  over 50 fa c ilit ie s  around the w o rld  -  
developing, testing , m anufacturing and m arke tin g  C a te rp illa r  products  
-  and ensuring the a v a ila b ility  of parts  and s e rv ic e  w h erever these  
products a re  at w o rk .
New Technologies in  P rodu ct and P ro cess .
T o  provide g re a te r  quantities of m achines, engines and product support 
needed fo r  the fu tu re , the company is c a rry in g  out the la rg e s t cap ita l 
expansion p ro g ram m e in  its h is to ry . D evelopm ent, adaptation and 
re finem en t of new technology has always been a basic company strength  
fro m  the developm ent of the f ir s t  p ra c tic a l tra c k -ty p e  tra c to r  by a 
predecessor company in  1904 to the in troduction in  1977 of the w o rld 's
la rg e s t and m ost techno log ically  advanced c ra w le r - t r a c to r , the D IG .
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C a te rp illa r 's  technological leadersh ip  is the p r im a ry  re sp o n s ib ility  of 
m o re  than 4, 700 engineers, sc ien tis ts , technicians and supporting  
personnel, w ork ing  in the R esearch  D ep artm ent exp loring  advanced 
technology re la te d  to the com pany's capab ilities  and using the tech ­
nology developed by R esearch , engineering departm ents then design  
m achines and components which a re  tested in  the la b o ra to ry  and on the 
job as they proceed tow ards production. T h is  w ork  is conducted at the  
T ec h n ic a l C en ter, at proving grounds and in  the fie ld  and to a le s s e r  
degree in  engineering departm ents at 17 m anufacturing  plants w o rld ­
w ide. C a te rp illa r 's  ob jective is to o ffe r the m ost advanced, re lia b le  
and productive lin e  of m achines, engines and other products which  
rep resen t m axim u m  value to users.
O ver 120 m odels of earthm oving, construction and m a te r ia ls  handling  
m achines a re  produced to m eet a lm ost any job re q u ire m en t. These  
products include tra c k -ty p e  tra c to rs , tra c k  and w heel lo ad ers , l i f t  
tru cks , p ip e lay ers , m o to r g ra d e rs , w heel dozers , com pactors, w heel 
tra c to r -s c ra p e rs , h ydrau lic  excavators, sk idders , o ff-h ighw ay trucks  
and tra c to rs  and re la te d  p arts  and equipment. C a te rp illa r  D ie s e l and 
N a tu ra l Gas Engines m eet power req u irem en ts  fro m  85 to 1550 h o rse ­
pow er and fro m  50 to 900 k ilow atts  in  generator sets and m o re  than  
1000 other m anufactu rers  o ffe r C a te rp illa r  Engines in th e ir  equipment 
as the p r im e  source of pow er. C a te rp illa r  products a re  m anufactured  
at 15 plants in the U nited States, at subsid iaries  in  A u s tra lia , B elg ium , 
B ra z i l ,  Canada, P ra n c e , M exico  and the U nited K ingdom  and by  
a ffilia te d  companies in  In d ia  and Japan. These fa c ilit ie s  pursue tech ­
nological lead ersh ip  in  qu a lity  contro l, m e ta llu rg y , m ach inery  and 
tooling, use of com puters, m a te r ia ls  handling, env ironm enta l contro ls, 
energy conservation and other aspects of plant operations.
D u rin g  the 1970s C a te rp illa r  has made cap ita l expenditures of $ 2 .4  
b illio n  to bu ild  and expand fa c ilit ie s , provide fo r  the m anufacture of 
new and im proved products, and in s ta l new tooling and technology. 
C a te rp illa r  now occupies 37. 7 m illio n  square feet (3. 5 m illio n  square
m e te rs ) of m anufacturing  space, excluding the capacity  of a ffilia te d  
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com panies in  Japan and In d ia . T h is  is an in crease  of ap p ro x im ate ly  
36 percent over space existing  at the end of 1973, Since the com pany's  
e a rlie s t days. C a te rp illa r  products have been sold in countries around  
the w o rld  -  today m o re  than 50 fa c ilit ie s  in 15 countries a re  involved in  
producing, m a rk e tin g  and supporting these products. T h e  83, 000 
people em ployed at the com pany's fa c ilit ie s  come fro m  dozens of 
national backgrounds and independent C a te rp illa r  d ea lers  em ploy an 
additional 70, 000 people in m o re  than 150 nations se llin g , se rv ic in g  and 
m ainta in ing  the products. T h e  company is owned by some 48, 000 
shareholders and to encourage broad ow nership, the company lis ts  its  
shares on stock exchanges in  B elg ium , F ra n c e , the U nited Kingdom , 
S w itzerlan d , W est G erm an y  and the United States.
See attached to th is Appendix -
o B asic  D ata  on C a te rp illa r  P lan ts  W orldw ide  -  T a b le  No: N. 1,
o C a te rp illa r  T ra c to r  Com pany - Subsid iaries and A ffilia te s  -  F ig u re  
No: N . I .
o S ignificant F in a n c ia l T ren d s  -  T ab le  No: N. 2,
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TABLE No;N. 1.
BASIC DATA ON CATERPILLAR PLANTS WORLDWIDE
Plant Name:
U, S, P lants:
Year
Founded; Product Type:
Oldest = 1886
L atest = 1977
B iggest Growth P eriod  = 1955-60
Manufacturing F loor  
A rea - M illion  
Square Feet:
Aurora, Illinois. 1958 T rack-type T ractors 4. 1
D allas, Oregon 1965 Lift Trucks - 0. 241
Davenport, Iowa 1956 D iese l Engine P arts 0. 635
Decatur, Illinois 1955 Motor Graders 3. 0
East P eor ia , 111. 1909 T rack-type tractors 7 .0
Joliet, 111. 1951 Scrapers 3. 2
Mapleton, 111. 1967 Grey Iron Castings 2 .2
Mentor, Ohio 1970 Lift Trucks 1.1
M ilwaukee, W ise. 1951 Components 0.492
M ossvlU e, 111. 1959 D iese l and Gas Engines 4 .2
Pontiac, 111, 1977 Engine P arts 0 .137
San Leandro, Cal. 1886 Pumps 1. 3
York, PA , 1953 T ractor P arts 1 .5
AVERAGE FLOOR AREA Ü, S. PLANTS = 2.^238 64%
Outside U. S;
Glasgow, Scotland 1958 T rack-type T ractors 1. 0
G o sse lies , Belgium 1967 W heel Loaders 2 .4
Grenoble, France 1961 T rack-type T ractors 1 .1
L e icester , England 1953 Lift Trucks 0. 569
Melbourne, Aust. 1957 Motor Graders 0. 359
M onterrey, Mex. 1964 P arts 0. 039
N ew castle, England 1956 Scrapers 0 .744
P iracicaba, B razil 1975 W heel Loaders 0. 678
Sao Paulo, B razil 1960 T rack-type T ractors 0. 526
Toronto, Canada 1964 Motor Graders 0.191
Vernon, France 1974 Grey Iron Castings 0 .180
Sagami, Japan 1965 T rack-type T ractors 1 .8
AVERAGE FLOOR AREA OUTSIDE U. S = 0.798  36%
AVERAGE ALL PLANTS 1.518 M. S q .F t
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FIGURE No:N. 1,
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A PPEN D IX  O
T R IP A R T IT E  Q U E S T IO N N A IR E  T O  C A T E R P IL L A R  P L A N T S  W O R L D W ID E
-547-
a p p e n d i x  o
T R IP A R T IT E  Q U E S T IO N N A IR E  T O  C A T E R P IL L A R  P L A N T S  - 
W O R L D W ID E ,
S E C T IO N  I. P L A N T  A N D  M A C H IN E  SHOP 
(10 Questions).
S E C T IO N  I I . P E O P L E  A N D  O R G A N IS A T IO N  O F  
Q U A L IT Y  C O N TR O L.
(27 Q uestions),
S E C T IO N  I I I , C O -O R D IN A T E D  M E A S U R IN G  
M A C H IN E S ,
(29 Q uestions),
T O T A L : 66 Questions,
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A P P E N D IX  P
A  H IS T O R Y  O F  C O M P U T E R IS E D  C O -O R D IN A T E  
M E A S U R IN G  M A C H IN E S  A T  C A T E R P IL L A R ,
W O R L D W ID E .
-556-
A P P E N D IX  P
A H is to r y  o f C o m p u te r is e d  C o -o rd in a te  M e a s u r in g  M a ch in e s  at 
C a te rp ilX a r W o r ld w id e .
C a te r p i l la r ’ s h is to r y  in  c o m p u te r is e d  C M M s began w ith  E a s t 
P e o r ia  P la n t in  1970. A s  E a s t P e o r ia 's  Q u a lity  A s s u ra n c e  
p e rs o n n e l be cam e  m o re  p ro f ic ie n t  in  th e  use o f C M M s , i t  becam e  
a p p a re n t th a t th e  c o m p u te r  p ro g ra m m e , w h ich  w as p ro v id e d  b y  
th e  C M M  m a n u fa c tu re r , was inadequa te . A u to m a tic  a lig n m e n t 
was a v a ila b le  on th e  X -a x is  o n ly ; h o w e ve r p a r ts  m a n u fa c tu re d  at 
C a te r p i l la r  use a 2 -a x e s  (X -Y )  a lig n m e n t. A ls o , no t r a n s la t io n  
(m o v in g  o f o r ig in )  w as a v a ila b le . T h is  fe a tu re  is  v e r y  u s e fu l 
w hen th e  o r ig in  is  in  e r r o r  b u t th e  in s p e c tio n  sequence is  to  be 
con tinu ed .
E P Q A , b y  d e v e lo p in g  th e i r  own M a s te r  C o n tro l P ro g ra m m e  
(M C P ) to  p ro v id e  th e se  fe a tu re s  in c re a s e d  th e  th ro u g h p u t b y  
a p p ro x im a te ly  a fa c to r  o f 3.
In  data p ro c e s s in g  te rm in o lo g y , the  M a s te r  C o n tro l P ro g ra m m e  
cou ld  be  d e s c r ib e d  as a u t i l i t y  p ro g ra m m e  in  th a t p a ra m e te rs  
a re  p ro v id e d  to  i t  w h ic h  in s t ru c t  th e  c o m p u te r to  p e r fo rm  p r e ­
d e te rm in e d  c a lc u la tio n s  o r  fu n c tio n s . A n  e xa m p le  o f th e se  
p a ra m e te rs  a re :
C om m and : N o m in a ls : F u n c tio n ;
'A ' None Reads X  + Y  c o -o rd in a te s ,
'B ' X N , Y N  C o m p a re  X s  + Y s
e. g. (6. 83, 5, 56)
'O ' C o m m e n ts  C o m p u te r to  p r in t  co m m e n ts  o r
in s t ru c t io n s ,
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T h e re  a re  now tw o  M a s te r  C o n tro l P ro g ra m m e s  m a in ta in e d  b y  
E P Q A . T h e  o r ig in a l  M C P  was des igned  to  o p e ra te  in  4 K  o f c o re  
m e m o ry . T h e  expanded M C P  needs 8K  o f c o re  m e m o ry . W hen 
e v e r a new  C M M , w ith  d if fe re n t  e le c tro n ic s  o r  fe a tu re s  is  
p u rch a se d , E P Q A  m o d if ie s  one o f th e i r  M C P s and g e n e ra te s  a 
un ique  v e rs io n  to  be used w ith  i t .  T h e re  a re  p re s e n t ly  19 
v e rs io n s  m a in ta in e d  by  E P Q A .
A s  o th e r p la n ts  be cam e  in te re s te d  in  c o m p u te r is e d  C M M s , E a s t 
P e o r ia  Q u a lity  A s s u ra n c e  was co n ta c te d  fo r  a s s is ta n c e . E a s t 
P e o r ia  Q u a lity  A s s u ra n c e  w o u ld  th e n  c re a te  a M a s te r  C o n tro l 
P ro g ra m m e  fo r  each un ique  b ra n d  o f C M M  and send a co p y  o f the  
p ro g ra m m e  to  th e  re q u e s tin g  p la n t. T h e  s o u rc e  p ro g ra m m e  deck 
and l is t in g  w as re ta in e d  in  E a s t P e o r ia  Q u a lity  A s s u ra n c e . A n y  
q u e s tio n s  p e r ta in in g  to  th e  M a s te r  C o n tro l P ro g ra m m e  w ou ld , b y  
n e c e s s ity , be d ire c te d  to  E a s t P e o r ia  Q u a lity  A s s u ra n c e ,
-5 5 8 -
The  s ta t is t ic s  re g a rd in g  C M M  usage at C a te rp il la r .
No. o f
N o. o f 
A p p lic a t io n
P la n t : C M M . C o m p u te r: P ro g ra
A u r o r a 4 D E C  P D P /8 1650
B a s ic  E n g in e 9 D E C  P D P /8 2100
D a v e n p o rt 6 D E C  P D P /8 530
D e c a tu r 3 D E C  P D P /8 1610
In d . D iv . 1 D E C  P D P /8 9
J o lie t 4 D E C  P D P /8 1784
M ilw a u k e e 0
M o r to n 1 D E C  P D P /8 3
E a s t P e o r ia I T D E C  P D P /8 3440
T o w m o to r  M e n to r 1 D E C  P D P /8 330
T o w m o to r  D a lla s 0
San L e a n d ro 1 D E C  P D P /8 400
Y o rk 2 D E C  P D P /8 70
G lasgow 2 D E C  P D P /8 181
G o s s e lie s 2 D E C  P D P /8 316
G re n o b le 1 D E C  P D P /8 75
Japan 1 D EC  P D P /8 100
T o ta l 15 55 12, 568
*  San L e a n d ro 2 IB M  S /7 780
M a p le to n 1 IB M  1800 108
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A P P E N D IX  Q
C A T E R P IL L A R  W O R L D W ID E  CASE S TU D Y  -  C O L L A T E D  
RESPONSES F R O M  IN T E R N A T IO N A L  Q U E S T IO N N A IR E .
-5 6 0 -
A P P E N D IX  Q
C A T E R P IL L A R  W O R L D W ID E  CASE S TU D Y  
C o lla te d  R esponses f r o m  In te rn a t io n a l Q u e s tio n n a ire .
Q u e s tio n
No: In tro d u c to ry  S e c tio n :
1.
C a te r p i l la r  T r a c to r  C om pany.
2
2*6 M a n u fa c tu r in g  P la n ts  W o r ld w id e  p lu s  2 
a f f i l ia te d  co m p an ie s .
3.
M a jo r  p ro d u c ts  a re  e a rth m o v in g  eq u ip m en t 
such as t r a c to r  b u lld o z e rs ,  he avy  tru c k s  and 
m o to r  g ra d e rs  a ls o  d ie s e l engines f o r  t ru c k s ,  
m a r in e  and g e n e ra tin g  se t a p p lic a t io n s . L i f t  
t ru c k s  a re  a ls o  p a r t  o f th e  p ro d u c t l in e ,
4.
H e a d q u a rte rs  in  P e o r ia ,  I l l in o is ,  U .S .A .
5.
P ro d u c t io n  ty p e  ra n ge s  f r o m  s m a ll b a tch  to  
la rg e  b a tch  a lth o u g h  som e o f th e  com ponent 
p ro d u c in g  p la n ts  and fo u n d r ie s  in  th e  U. S. A , 
co u ld  now  be v e rg in g  on th e  m ass p ro d u c tio n  
typ e .
6.
C a te r p i l la r  have in v e s te d  a p p ro x im a te ly  $2. 4 
b i l l io n  d u r in g  th e  1970s to  b u ild  and expand 
th e i r  p la n ts  w o r ld w id e . C u r re n t ly  a c o m p le te  
m o d e l change is  ta k in g  p la c e  in  p re ­
p a ra t io n  f o r  th e  1980s.
7.
Changes w i l l  be  s lo w  to  a ffe c t p ro d u c tio n  
s y s te m s  b u t i t  is  a n tic ip a te d  th a t w id e  
changes w i l l  be  n e c e s s a ry  in  the  la te  
1980s.
8.
C a te r p i l la r  have  s e v e ra l o n -g o in g  p la n s  fo r  
a u to m a tio n  in  v a r io u s  sp h e re s  o f th e ir  
b u s in e ss  i .  e. m a n u fa c tu r in g , a s s e m b ly , 
e tc . C u r re n t ly  th e re  a re  a p p ro x , 404 
N. C . m a ch in e s  in  th e  co m pan y  w o r ld w id e .
9.
A p p ro x im a te ly  20, 500 p o w e re d  m a ch in e  
to o ls  w o r ld w id e  not co u n tin g  m any  in d ire c t  
p o w e re d  m a ch in e  to o ls .
10.
A p p ro x im a te ly  404 N . C. m a ch in e  to o ls .
/ ..........
C om m e n t:
C hanges in v o lv e  a u to ­
m a tio n , t r a n s fe r  s y s ­
te m s , ro b o t ic s  and 
m u ch  c o m p u te r c o n tro l 
on shop f lo o r .
See m o d e l o f Tech.-.. 
n ic a l changes and 
p ro d u c tio n  s y s te m s .
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Q u e s tio n  
N o i— ___ In tro d u c tio n  Section: C om m ent:
11.
A s  o f th e  b e g in n in g  o f 1978 C a te r p i l la r  
occu p ie s  37. 7 m i l l io n  sq u a re  fe e t o f 
m a n u fa c tu r in g  space w o r ld w id e .
12.
M a ch in e  to o ls  ra n g e  f r o m  10 sq. f t  up to  
120 sq. f t .  in  a re a .
13.
In s p e c tio n  ten d  to  occu p y  about 3% to  5% o f 
th e  to ta l  m a c h in e  shop a re a . M u ch  depends 
upon th e  n a tu re  o f m a n u fa c tu r in g  i .  e. 
a s s e m b ly  o r  m a c h in e  c u tt in g  shops,
14.
T h e re  was in s u f f ic ie n t  da ta  a v a ila b le  to  
re c o rd  th e  exac t co n su m p tio n  f o r  p o w e r 
in  each C a te r p i l la r  p la n t.
15.
A l l  Q u a lity  C o n tro l M a n a g e rs  r e p o r t  to  the  
P la n t M a n a g e r w ho is  th e  m o s t s e n io r  
e x e c u tiv e  a t each C a te r p i l la r  f a c i l i t y .
16.
O rg a n is a tio n :
B o a rd  L e v e l C a te r p i l la r  
C a te r p i l la r  T r a c to r  C o. L td .
C a te r p i l la r  T r a c to r  Co. L td ,  G lasgow
17.
C a te r p i l la r  T r a c to r  C om pany w as founded  
in  1925 b u t th e  e a r l ie s t  p ro d u c tio n  w as in  
1886 at San L e a n d ro , C a l i fo rn ia  b y  one o f 
th e  fo u n d e r m e m b e rs  o f C a te r p i l la r ,
18.
T h e re  is  a to ta l  o f 83, 000 e m p loye es  in  
th e  w o r ld w id e  o rg a n is a t io n  -  J a n u a ry  1979.
19.
T o ta l h o u r ly  p a y r o l l  is  76 .1%  o f to ta l 
T o ta l w e e k ly  p a y r o l l  is  11. 2% o f to ta l.
T o ta l m o n th ly  p a y r o l l  is  12. 7% o f to ta l.
Q u a lity  C o n tro l re p re s e n t 5. 32% o f to ta l  
em p loyee s  and th is  is  b ro k e n  down as 
show n in  ta b le  5.
20.
A l l  fo rm s  o f in s p e c tio n  a re  p ra c t ic e d  
w o r ld w id e .
21.
C a te r p i l la r  has been  g ro w in g  in  e m p lo y ­
m e n t o v e r  th e  la s t  10 y e a rs  b u t th e  concept 
used and e n cou raged  b y  th e  c o rp o ra t io n  w ou ld  
be to  use:
1. N o rm a l W astage .
2. R e tra in  f o r  o th e r  s k i l ls  -5 6 2 -
T h e s e  p e rce n ta g e s  
a p p ly  to  A m e r ic a n
p la n ts  o n ly  b u t a re  n e a r 
enough fo r  to ta l w o r ld  
f ig u re s .
Q uestion
N o: In tro d u c t io n  S ection :_________________   C om m en t;
A p p ro x im a te ly  £55 m i l l io n  f o r  w o r ld w id e  
q u a li ty  c o n tro l budge t c o v e r in g  la b o u r  and 
m a te r ia l  expense ,
23.
R e s u lts  o f th is  s u rv e y  a re  g ive n  
s e p a ra te ly .
24.
S p e c if ic  p la n s  have  been  d ra w n  up and a re  
o n -g o in g .
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Q uestion
N o .C o -o rd in a te  M e a su rin g  M achine Section;  Com m ent:
1.
C a te r p i l la r  W o r ld w id e  c u r r e n t ly  have 59 
c o -o rd in a te  m e a s u r in g  m a ch in e s .
2.
V a r io u s  so u rc e s  w e re  used b u t C a te r p i l la r  E a s t 
P e o r ia  had a c q u ire d  c o -o rd in a te  m e a s u r in g  
m a ch in e s  as e a r ly  as 1962. (T he  f i r s t  m a ch in e s  
e v e r des igned  w e re  m ade in  1959 -60 ). T ra n s fe r  
o f in fo rm a t io n  f r o m  p la n t to  p la n t on these  
m e a s u r in g  m a ch in e s  has been re m a rk a b ly  s lo w ,
3.
In  m o s t p la n ts  th e  Q u a lity  C o n tro l M a n a g e r w as 
th e  m a jo r  p ro m o te r  o f th e  need fo r  th is  eq u ipm en t.
H is  s e rv ic e  w ith  th e  C om pany v a r ie s  c o n s id e ra b ly  
p la n t to  p la n t b u t i t  w o u ld  be u n usu a l to  have  a 
Q u a lity  C o n tro l M a n a g e r w ith  le s s  th a n  10 y e a rs  
s e rv ic e  m a in ly  due to  th e  C om pany p o lic y  o f 
p ro m o t io n  f r o m  w ith in  the  o rg a n is a tio n ,
4.
T h e  C o rp o ra t io n  have a fo r m a l p ro je c t  a p p ro v a l 
s y s te m  th ro u g h  w h ic h  a l l  c a p ita l e xp e n d itu re  
above a s p e c if ic  v a lu e  m u s t go. T h is  s y s te m  can 
ta ke  up to  3 m on th s  to  go the  f u l l  ro u te . A d d in g  
on th e  t im e  to  a c q u ire  a new C M M  f ro m  the  
s u p p lie r  o f a t le a s t one y e a r , th e n  c o n s id e r in g  th e  
d e c is io n  t im e  p r io r  to  r a is in g  th e  p ro je c t  we co u ld  
have a to ta l o f tw o  y e a rs  t im e  la g .
5.
E ach  p la n t is  le f t  w ith  i ts  own d e c is io n  on v is i t s  
to  u s e rs  and s u p p lie rs ,  b u t g e n e ra lly  th e re  a re  
th re e  m a in  th e a tre s  -  U .S . A . ,  E u ro p e  and the  
P a r  E a s t. E ach  g ro u p  o f p la n ts  in  the se  a re a s  
g e n e ra lly  c o -o p e ra te  to  ch eck  one C M M  a g a in s t 
a n o th e r. (T h e  ra n g e  o f p ro d u c t p ro du ce d  in  each 
p la n t is  d if fe re n t ,  th e re fo re  th e re  is  no c o m p e t it io n  
w h ic h  co u ld  cause  re s is ta n c e  to  exchange te ch n o lo g y ).
6.
T w o  m a jo r  s tu d ie s  have  been conducted  in  th e  
c o rp o ra t io n  to  d e te rm in e  im p ro v e m e n ts  one at 
G lasgow  P la n t w h ic h  is  re p o r te d  in  th e  C ase S tudy 
a t G lasgow , th e  second  s tu d y  was m ade a t E a s t 
P e o r ia  P la n t .
G lasgow  = 70% im p ro v e m e n t.
E a s t P e o r ia  = 75% im p ro v e m e n t.
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Q u e s tio n
N o;
C o -o rd in a te  M e a su rin g  M achine Section;__________ Com m ent;
7.
C a te r p i l la r  is  a v e r y  c o n s e rv a tiv e  o rg a n is a tio n  and 
in  th is  re s p e c t have  a gauge p o lic y  w h ic h  encourages 
a 5 -y e a r  re te n t io n  o f o b so le te  gauges th e re fo re  m o s t 
p la n ts  w i l l  have re ta in e d  gauges a f te r  th e  new 
te c h n o lo g y  has been in s ta lle d ,
8.
I n i t ia l ly ,  th e  G e n e ra l O ff ic e  h e a d q u a rte rs  in s t ru c te d  
th a t c o -o rd in a te  m e a s u r in g  m a ch in e s  shou ld  be 
lo c a te d  in  th e  open w o rk s h o p . H o w e v e r m o s t new 
in s ta lla t io n s ,  e s p e c ia lly  in  th e  U . S. a re  now b e in g  
housed in  s p e c ia l a i r  c o n d itio n e d  c le a n  ro o m s .
9.
L a rg e  com ponen ts  encou rage  p la n n e rs  to  m in im is e  
t ra n s p o r t in g  and th e re fo re  m a n y  C M M s a re  c o r r e c t ly  
lo c a te d  in  o r  n e a r th e  p o in t o f m a n u fa c tu re . W ith  
s m a ll com ponen ts  th e  g e n e ra l c o rp o ra te  p h ilo s o p h y  
is  to  lo c a te  m e a s u r in g  eq u ip m e n t a t th e  end o f the  
m a n u fa c tu r in g  l in e s  f o r  m o s t o p tim u m  use.
10.
A l l  w o r ld w id e  fa c i l i t ie s  use c o m p a tib le  s o ftw a re  in  
o rd e r  th a t m a x im u m  f le x ib i l i t y  and exchange can 
be a ch ieved .
11 .
M o s t C a te r p i l la r  P la n ts  e x p e rie n c e d  e le c tro n ic  
p ro b le m s  m a in ly  due to  o v e rh e a tin g  and d ir t .
(H ence th e  m o ve  to w a rd  e ncas in g  th e  C M M  in  an 
a i r  c o n tro lle d  ro o m ).
12.
T h e re  have been  no c o -o rd in a te d  re s u lts  on th e  
c o n tr ib u t io n  f r o m  a l l  th e  fa c to rs  l is te d .
H e a d q u a rte rs  te n d  to  encou rage  a u d its  fo r  
u t i l is a t io n  m e a s u re s  bu t th e se  a re  r a th e r  vague.
13.
D e c is io n  fa c to rs  f o r  in v e s tm e n t in  C M M  
te ch n o lo g y  a re  c e n tre d  a ro u n d  " F a s te r  C h e c k in g "
" M o re  A c c u ra c y "  and le s s  "D o w n tim e  o f 
p ro d u c tio n  m a c h in e s " .
14.
C a te r p i l la r  a re  co n ce rn e d  about " te c h n o lo g ic a l 
le a p - f ro g g in g "  due to  th e  im p ro v e d  n a tu re  o f 
m e a s u r in g . M a ch in e  to o l a c c u ra c y  is  c o n s ta n tly  
u n d e r re v ie w .
15.
A  c o m b in a tio n  o f " In -h o u s e  M a in te n a n c e " and 
"S e rv ic e  C o n tra c ts "  a re  e m p loyed  in  a l l  
C a te r p i l la r  P la n ts .  A  c lo se  a n a ly s is  o f fa u lts  is  
m a in ta in e d  w o r ld w id e  b y  the  h e a d q u a rte rs  g ro u p .
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Q u e s tio n
N o:
C o -o rd in a te  M e a su rin g  M ach ine Section:_________ C om m ent;
16.
C a te r p i l la r  in tro d u c e d  a un ique  s y s te m  o f Q u a lity  
In d ic a to rs  in  1976 p a r t  o f w h ich  is  the  m e a s u re m e n t 
o f s c ra p  and re w o rk  h o u rs  lo s t .  In  a d d it io n  to  th is  
a m e a s u re  o f f ie ld  fa i lu r e s  is  m a in ta in e d . O n ly  th e  
G lasgow  P la n t have  a tte m p te d  w ith  success  to  
c o r re la te  th e se  f ig u re s  to  th e  in t ro d u c t io n  o f 
c o -o rd in a te  m e a s u r in g  m a ch in e  te c h n o lo g y .
17.
C a te r p i l la r  has a t p re s e n t o n ly  one fu l ly  a u tom a ted  
C M M  in  o p e ra tio n . T h is  m a ch in e  is  p a r t  o f a 
c o m p u te r  c o n tro lle d  t r a n s fe r  l in e .  T o  ju s t i f y  o th e r  
s im i la r  in s ta lla t io n s  one w o u ld  re q u ire  s im i la r  
m a c h in in g  in v e s tm e n t. T h e re fo re  the  m a jo r  c o n c e rn  
w ou ld  be  to  ju s t i f y  th e  C M M  v ia  le s s  p ro d u c tio n  
m a c h in e  d o w n tim e .
18.
W o r ld w id e  c o n c e rn  is  to  in c re a s e  th e  u t i l is a t io n  o f 
w ha t C M M  e x is t c u r r e n t ly  in  each p la n t and to  
c o n s id e r  in te g ra t in g  gaug ing  s y s te m s  in to  m a ch in e  
to o ls  as a m eans to  m in im is e  th e  h ig h  e x p e n d itu re  
on c o -o rd in a te  m e a s u r in g  m a ch in e  te ch n o lo g y .
19.
No f ig u re s  have been p u b lis h e d  as y e t show ing  a 
d o w n tim e  o f in s p e c tio n  m a n n in g  w o r ld w id e  due to  
th e  use o f c o -o rd in a te  m e a s u r in g  m a ch in e s .
G e n e ra lly  th e  b e lie f  is  th a t m o re  w o rk  is  now 
b e in g  in s p e c te d  th a n  e v e r b e fo re .
20.
P la n n e rs  have  been  in c re a s e d  in  a l l  
C a te r p i l la r  P la n ts  v e r y  s l ig h t ly  as th e  e x is t in g  
N. C. m a ch in e  to o l p ro g ra m m e s  have  been used 
to g e th e r  w ith  th e  a fo re m e n tio n e d  m a s te r  
p ro g ra m m in g  s e rv ic e  f r o m  th e  E a s t P e o r ia  
P la n t.
21.
T h e re  a re  a p p ro x im a te ly  104 C M M  o p e ra to rs  in  th e  
C a te r p i l la r  W o r ld w id e  Q u a lity  C o n tro l fu n c tio n s .
T h e  a ve rage  age o f these  o p e ra to rs  is  be tw een  40 
and 44 y e a rs  and ag a in  on a ve rag e  th e y  have 12 
y e a rs  o f s e rv ic e  w ith  th e  C om pany. I t  is  
in te re s t in g  to  no te  th a t th e  U . S. P la n ts  on th e ir  
own have 65 o p e ra to rs  w ith  a ve rag e  age 50 to  
54 and 16 y e a rs  s e rv ic e . T h is  is  due to  the 
lo n g e r  e s ta b lis h e d  p la n ts .
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Q uestion
No;
C o -o rd in a te  M e a s u r in g  M a ch in e  S ection ;__________  C om m en t;
22.
T h e  a ve ra g e  age o f in s p e c to rs  in  U . S. based 
C a te r p i l la r  P la n ts  is  43 y e a rs  w h ile  o th e r 
C a te r p i l la r  P la n ts  a re  37 y e a rs  g iv in g  an o v e ra l l  
a ve ra g e  o f 40 y e a rs ,
23.
In  a l l  cases the  104 C M M  o p e ra to rs  w e re  
p re v io u s ly  e m p lo ye d  as s u r fa c e  p la te  in s p e c to rs .
24.
T h e  M a jo r  S u rve y  gave a 14% " In c re a s e d  G ra d e " 
and 86% "R e m a in e d  th e  S a m e". C a te r p i l la r  U .S .
P la n ts  w e re  25% " In c re a s e d  G ra d e " and 75%
"R e m a in e d  th e  S am e" w h ile  C a te r p i l la r  o th e r 
w o r ld w id e  p la n ts  had 28% " In c re a s e d  G ra d e " and 
72% "R e m a in e d  th e  S a m e ". T h e  m a jo r i ty  o f f i r m s  
seem  to  get a w ay w ith  p u sh in g  in  new te ch n o lo g y  
w ith o u t p a y in g  h ig h e r  ra te s  f o r  i t ,
25.
T h is  q u e s tio n  w as asked  to  d e te rm in e  i f  any 
b e h a v io u ra l changes had ta k e n  p la ce  w ith  the  
in s p e c to r 's  in f lu e n c e  and p o w e r on th e  shop f lo o r .
C a te r p i l la r  W o r ld w id e  c la im  in c re a s e d  In flu e n c e  
in  85% o f P la n ts  a g a in s t a 44% c la im  f r o m  the  
" M a jo r  S tu d y ". H o w e v e r th e  re sp o n se s  fo r  
In c re a s e d  P o w e r  w e re  22% m a jo r  s tu d y  a g a in s t 
38% fo r  C a te r p i l la r .
O v e ra l l  C a te r p i l la r  re p o r t  g re a te r  g a in  w ith  
in f lu e n c e  and p o w e r th a n  th e  M a jo r  S u rve y .
26.
H as th e  re la t io n s h ip  be tw een  th e  P ro d u c t io n  
S u p e rv is o r  and th e  C M M  O p e ra to r  im p ro ve d ?
75% o f th e  C a te r p i l la r  P la n ts  say  " Im p ro v e d "  and 
10% say  " G re a t ly  Im p ro v e d "  w h ile  th e  150 f i r m s  
in  the  M a jo r  S u rve y  have 40% " Im p ro v e d "  and 2%
" G re a t ly  Im p ro v e d " .  57% o f th e  M a jo r  S u rve y  - 
c la im  "N o  C hange” .
27.
W i l l  te ch n o lo g y  e v e n tu a lly  in te g ra te  th e  in s p e c tio n  
r o le  and th e  p ro d u c tio n  ro le ?  In te re s t in g  re s u lts  
f r o m  bo th  C a te r p i l la r  and the  M a jo r  S u rve y  as 
C a te r p i l la r  w e re  a lm o s t 50 -50  in  bo th  d ire c t io n s  
i .  e. s t ro n g ly  a g re e in g  and s tro n g ly  d is a g re e in g .
T h e  M a jo r  S u rv e y  had a s im i la r  t re n d  bu t not to  
th e  sam e e x tre m e s .
28.
W hat co u ld  v e r y  advanced te c h n o lo g y  do to  the  
in s p e c to r ,  m a ke  h im  d is s a t is f ie d ?  B o th  th e  
M a jo r  S u rv e y  and th e  C a te r p i l la r  W o r ld w id e  
re sp o n se  in  th e  m a in  d is a g re e d  w ith  th is  p o s s ib i l i ty .
A g a in  th e re  w e re  f i r m s  w ho s tro n g ly  ag re e d  w ith  th e  
su g g e s tio n s . -5 6 7 -
Q u e s tio n
No:
C o -o rd in a te  M e a su rin g  M ach ine Section: Com m ent:
29.
T h is  q u e s tio n  t r ie s  to  d e te rm in e  th e  e ffe c t on
th e  C M M  o p e ra to r  r e s u lt in g  f r o m  th e  new te c h n o lo g y
a ls o  w as th e re  a "H a w th o rn "  typ e  ru b  o ff.
C a te r p i l la r  saw  an 80% " In c re a s e d  S e lf S ta tus " and 
a 15% " G re a te r  Job In te re s t " ,  T h e  m a jo r  s u rv e y  
sa id  50% o f f i r m s  " In c re a s e d  S ta tu s "  and 26%
G re a te r  W o rk  In te re s t  bu t 23% sa id  "N o  C hange".
T h e  M a jo r  Study c la im e d  a No Change on o th e r 
in s p e c to rs  f o r  62% o f f i r m s  bu t 13% sa id  th e y  had 
" in c re a s e d  S ta tu s " and 20% " G re a te r  Job In te re s t ” .
C a te r p i l la r  s a id  th a t a lm o s t h a lf  o f th e  p la n ts  
c la im e d  " In c re a s e d  S e lf S ta tu s " f o r  th e  o th e r  
in s p e c to rs .
30.
M uch  d is c u s s io n  has ta k e n  p la c e  on th e  le a rn in g  
c u rv e  o f th e  c o -o rd in a te  m e a s u r in g  m a ch in e  
o p e ra to r  to  g a in  o v e ra l l  com pe tence . T h e  
C a te r p i l la r  w o r ld  s u rv e y  w h ic h  has s e v e ra l 
a c tu a l t im e  s tu d ie s  gave a r e s u lt  o f 8 .1  w eeks, 
w h ile  th e  M a jo r  S tudy o f 150 u s e r f i r m s  gave 
an a ve ra g e  o f 9 w eeks .
31.
S e llin g  the  new te c h n o lo g y  to  th e  Shop F lo o r  
is  o f v i ta l  im p o r ta n c e , to  w ha t ex te n t do f i r m s  
in v o lv e  shop f lo o r  o p e ra to rs ?  C a te r p i l la r  sa id  
65% no in v o lv e m e n t"  and 35% "K e p t A d v is e d " .
M a jo r  S u rve y  c la im  es 61% o f f i r m s  sa id  "N o "  and 
32% "K e p t A d v is e d " , 6% " P a r t  o f V is i t "  and 3% 
a c tu a lly  "A tte n d in g  P la n n in g  M e e tin g s " .
W hen asked  about fu tu re  in v o lv e m e n t, th e  C a te r p i l la r  
p la n ts  m oved  f o r  m o re  in v o lv e m e n t and so d id  th e  
M a jo r  S u rve y  f i r m s  b u t not to  th e  sam e degree .
32.
E ach  f i r m  w as asked  i f  any o f th e i r  C M M  o p e ra to rs  
had fa i le d  on th e  a ss ignm e n t?  55% o f C a te r p i l la r  
P la n ts  s a id  th e y  had had fa i lu re s  caused m a in ly  b y  
" L a c k  o f C o n fid e n c e " 30% o f th is  sa m p le  R e tu rn e d  
to  P re v io u s  Job and 20% W ent to  O th e r W o rk . O n ly  
17% o f th e  M a jo r  S u rv e y  c la im e d  fa i lu re s  and m o s t 
o f the se  w e re  a g a in  pu t down to  " L a c k  o f C o n fid e n c e "
2 out o f 3 "W e n t B a ck  to  P re v io u s  J o b ",
33
T h e  f in a l  q u e s t io n n a ire  o f the  s u rv e y  t r ie d  to
d e te rm in e  i f  any "L a b o u r  P ro b le m s "  had re s u lte d
w ith  th e  in t ro d u c t io n  o f C M M  te ch n o lo g y , 73% o f
th e  M a jo r  S u rv e y  s a id  "N o  P ro b le m s "  12% had w age
c la im s  and 14% w e re  a n t ic ip a t in g  fu r th e r -p ro b le m s .
C a te r p i l la r  had a 40% "N o  P ro b le m s "  30% "W age
C la im "  and 30% C o n c e rn  f o r  fu tu re  changes.
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A P P E N D IX  R
O R G AN ISATIO N  STRUCTURES - L IS T  OF SHEETS
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E.
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A P P E N D IX  R
O RG ANISATIO N STRUCTURES
S U M M A R Y  O F C O N TE N TS
In d e x ; Sheet; __________________D e s c r ip t io n ;__________________
A . 1 S u m m a ry  o f a l l  u s e r  and n o n -u s e r  f i r m s  o f
advanced m e a s u r in g  te c h n o lo g y  d is p la y e d  b y  
em p lo ye e  s iz e  and b u s in e ss  a c t iv ity .
2 —do—
B . 1 U s e r  and N o n -U s e r  f i r m s  o f advanced
m e a s u r in g  te c h n o lo g y  d is p la y e d  b y  e m p loyee  
s iz e .
2 —d o —
3 — do—
C . 1 U s e r  f i r m s  o f advanced m e a s u r in g  te c h n o lo g y
d is p la y e d  b y  b u s in e ss  a c t iv ity .
2 — do—
3 —do—
D . 1 N o n -u s e r  f i r m s  o f advanced m e a s u r in g
te c h n o lo g y  d is p la y e d  b y  b u s in e s s  a c t iv it y .
2 — do—
3 — do—
U .S . f i r m s  u s in g  advanced m e a s u r in g  
te c h n o lo g y  d is p la y e d  b y  b u s in e s s  a c t iv i t y  and 
em p lo ye e  s iz e  (sheet 4).
-d o -  
-d o -  
—do—
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APPENDIX T
UNIVERSITY OF GLASGOW ADAM SMITH BUILDING
DEPARTMENT OF GLASGOW, G12 8RT
MANAGEMENT STUDIES Tel, STD 04I-339 8855
ExttruloH
The Quality Control M anager or (Chief Inspector)
D ear Sir,
Inspection equipment has become very advanced in recen t years 
and many firm s have been sufficiently foresighted enough to keep 
up with th is p ro g ress. I am in terested  in getting inform ation 
about th is new technology then sharing it with you if you so desire .
In p a rticu la r I am examining C o-ordinate M easuring Machines and 
would be m ost in te rested  in obtaining the views of people using th is 
equipment; equally I want to hear from  people who do not have co­
ordinate m easuring  m achines in the ir organisation, I tru s t you will 
a s s is t  me by answ ering some questions, which will take you on 
average only 15 minutes to complete.
I can guarantee anonymity. Nothing you com plete will be traceab le  
to you or your Company as it will be used as the basis  for a thesis  
within the U niversity.
Yours faithfully.
SAM P. BLACK 
U niversity  of Glasgow 
Glasgow.
- 6 0 8 -
International Comparative Study of Quality Control Organisations
B R IT A IN .  U.S.A.,  G E R M A N Y .
QUESTIONNAIRE
Project Co-ordinator 
SAM P. BLACK
Department of Management Studies 
Adam Smith. Building 
University of Glasgow 
SCOTLAND.
-6 0 9 -
INSTRUCTIONS;
1. P le a se  com plete the INTRODUCTORY PART w hether you have 
C o-ordinate M easuring Machines or not.
2. Complete the section on Co-ordinate M easuring Machines - 
f i r s t  question is for P lan ts  with no C o-ordinate M easuring 
M achines,
3. R eturn completed questionnaire to Sam P . Black,
4. T ick  if you want a copy of sum m ary findings.
INTRODUCTORY SECTION:
( ) or delete as n ecessa ry ,
1. Company Name; _
2. Location;
3, N ature of P roduct or Service;
4. A re  you a Subsidiary at this location? Yes: ___  No; ___
If yes, who is your P a ren t Company and where is the ir location?
P aren t; __________________________________________________
Location;
-  6 1 0 -
-2 -
5. Is production predom inantly - Single Sim ple A rtic les
Prototypes
Large equipment, b u ilt-in  stage
Jobbing
Sm all batches
Large batches
M ass production *
Continuous flow
6. Have any m ajor technical changes taken place with your plant equipment in the 
la st two years or are any such changes contemplated? (e, g. introduction of 
num erical controlled  m achines, tran sfer m achine sy ste m s, co-ordinate  
m easuring m achines, etc? ) Yes:   N o :____
If y es , b r ie f description:
7. If any changes w ere or w ill be m ade, w ill the nature of the production system  
be affected? Y es: No:
If y es , comment:
Does your Company have a long term  plan towards automation of the factory or 
inspection  equipment?
Have com plete long term  plan
Have planned for sp ecific  item s only, e. g. tran sfer  
m achines, N. C. m achines
Have looked only at fringe technology, e. g. 
co-ordinate m easuring m achines
Does not apply to our organisation or product |
! . . .
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9. Approximately how many powered machine tools for machining, 
cutting or forming parts do you have in your machine shop?
10. How many of the above have num erical controls?
A. Stand alone N. C.
B. P a rt of automated line
11. What is rough floor area  of the machine shop?
12. What is the floor area  for the average sized machine tool?
13. What floor area  approximately is used by Inspection within this 
machine shop? (including inspection machines, benches, 
cribs, etc)
14. What is the approximate power consumption for the machine 
shop monthly in kilowatt hours?
15. To whom is the head of inspection of Quality Control 
responsible? _________
16. Would you send me a copy of your current organisation structu re  from 
Quality Control Manager down to Inspector? (a rough hand sketch would be 
sufficient).
17. What year was your plant opened? 19______
18. What is the total personnel at this location approx?
19, How many hourly paid employees approx?
-do- d irect production?
-do- inspectors?
How many weekly paid inspection people?
How many monthly paid inspection people (inc. management)
20. Which of the following form s of inspection are used in your plant?
Shoo F loor i
Centralised
Mixed
Other
-612-
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21. How would you plan to take care  of your people as you move m ore 
towards m ore automation and less  labour intensive equipment?
By norm al wastage
By re -tra in ing  to other remaining skills
By a phased redundancy policy
No particu lar plan - let it happen
Shorter working week
Other
22. What is the approximate annual cost of labour and m ateria l expense for 
the total Quality Control Department?
It has been suggested that Automation and Advanced Technology of any kind 
will be res is ted  for various reasons some of which a re  as follows. Has this 
been your experience with inspection equipment in particular?
Yes IPerhapsi No
Protection of inspectors current status or prerogative ! 1
Protection of existing ways of doing inspection work .................. 1. . . . . . . . . . . . - J _ _ _ _
Protection  of handskills, experience and knowledge ! !
P ro tection  of the job - security  of employment !
To avoid scraping vaïuaÎDie assets such as gauging 
fixtures, etc. I
To avoid the need to a lter other system s in harmony 
with inspection. !
General fear of change ! i
To avoid conflict with organised groups i
Because it places inspection in too great a scientific j ■ ! 
and m ysterious role  upsetting relationships with 1 i j 
other functions. I ■ !
24. Do you have a long te rm  plan towards further automation of inspection by any
Y es No Undecided
More automated CMM for inspection 1
More automatic gauging integrated into machine tools I
Other ! !
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C O -O R D IN A T E  M E A S U R IN G  M A C H IN E S  S E C TIO N :
Question for plants with no Co-ordinate Measuring Machines (CMMs). 
Why do you not have a CMM in your plant?
Not required for our product/service
Too Expensive
Current Gauging Equipment adequate
Have no knowledge of these machines
Other reason
Other reason
What make of co-ordinate measuring machines have you got or have in forecast 
for the future?
Type: Models:
Reason for 
Choice^
Year of 
purchase
Ferranti/Bendix
D. E. A,
Hansford
L. K. Tools
NOT SA
Zeiss
S. I. P.
Olivetti
Portage
Johannson
Mitutoyo
Brown/Sharpe
Reasons = Cost, Accuracy, Travel, Table Size, etc.
From whom did you first learn about CMM?
Approx 
Y ear;
Headquarters |
Technical P ress
Conference-Exhib it io n
CMM Manufacturers
Other
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3. Before buying CMM was there a single manager in your Company strongly 
in favour of CMM use?
Yes; No:
If yes, what was his position? _____
How long has he been with the Company?
4. Can you estimate the time lag between your first knowing about CMM and 
the installation of your first machine?
years months
5. Before buying a CMM, did you visit any other organisation to see them in 
action?
Y ea:__ N o:___
If yes, whom did you visit? _______________________________________
6. Since the introduction of CMM, approximately what percentage time have you 
gained with the following in comparison with conventional inspection methods?
Production machines awaiting 
inspection check reduction in ^ 
time-percentage °
10| 20 30 40| 50 1 60 j 70 ! 80 90 100
!
Time to set-up part for
checking percentage %
7. What did you do with your obsolete gauges and fixtures?
Scrap:   Store as Standby; ____ Sold:
3. How did you locate your CMM?
Other:
Actual;
P referred  
after Experience
Special air conditioned clean room •
Wall partition with/without roof
Open workshop
Inspection centre !
On-line with machining centres i
At final check-out 1
Other 11
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- 3 -
9. Was this the best site for optimum inspection or only available site? 
Comment:
10. Is your CMM soft wear compatible with all other CMMs in-plant?
Yes; No:
11. Did you experience installation and early-teething problems with your CMM 
and what is the current status?
Comment:
12. What contribution has the use of CMMs made to the following factors in your 
plant or inspection itself?
Contribution:
Major
Increase
Some
Incr:
Minor
Incr:
Some : Major 
Decrease; i Decrease:
Profit ;
Productivitv 1
Cost Reduction 1 i
Speed of checks i  j ______J______ - i
Accuracy of checks 1 1 i 1
Set-up times reduction i  i
Repeatability of checks 1 !
Reliability of checks 1
Calculating e rro rs - .....___________________________________________________ ___________
-616-
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13. In your decision to invest in CMM what importance did you rate the following 
factors for your plant?
Vital 1 Very 
Impt f Impt
Import I Unim- j Not
ant I portant : considered
Faster checking i i
More accuracy t i
Better repeatability ! '
Labour saving ! i
Less production m /c downtime 1 1
Better data ! 1 t
Reduced inventories ! I 1 :
Cost saving-gauges i ! ;
Keeping up to date with technology 1 ! !
Ease of operating ‘ 1
No need for special fixtures 1 I
Safer 1
Quicker detection of m /c tool 
variations.
14. Since the introduction and use of CMM in your plant and the possible improved 
accuracy of measuring to blueprint specification, do you now question the 
capabilities of your machine tools in term s of maintaining accuracy and repeatability?
Yes: No:
15. What servicing or maintenance policy do you operate for your CMM?
In-house engineers
Service Contract
Combination of above
Other
16. Have you experienced a change in the following since the use of CMM? 
(Estimates will be sufficient). E.g. higher, lower, no change.
P rio r to 
CMM, Currently:
Time taken to 
notice change.
Scrap Cost
Rework Labour
Field Complaints
---------- ------------------------— i....................................................................
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- 5 -
17. How would you justify the investment of a fully automated CMM?
By measuring time taken to measure parts currently v 's new system
By production time lost awaiting measure
By labour saving
By savings gained from less scrap and rework
Other
Other
18. Any other general comments about your experience with co-ordinated measuring 
machines or your opinion about the future of automated inspection in industry:
19. Manufacturers claim up to 90% faster inspection with co-ordinate measuring 
machines suggesting that fewer people would be required. Have you actually 
reduced your inspection manpower as a result of using these machines?
Yes: No:
If yes, where did they go?
Approx
Nos:
Left company voluntarily
Moved to production machines
Moved to other inspection work
Moved to office work
Other
20. Have you had to increase your planners and programmers designing tapes as a 
back-up to the CMM?
Yes: No:
-618-
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21, About what age are your CMM operators and approximately how many are 
there?
Age
Years:
1 Approx. Co. 
No: 1 Service yrs.
20-24 !
25-29
30-34
35-39
40-44
45-49
50-54
55-59 ....  1
60-64 ... 1
22.
23.
What is the average age of your other inspectors? years.
What was the CMM operators' job title prior to working on the CMM? Quote 
numbers if possible.
Title: ' )Nos:
Surface plate inspector |
Machine operator
Office Worker
Labourer
Maintenance man
Toolmaker
Other
Other
24. Did you make any changes in wage/skill grading for CMM operators?
Increased grade
Remained same
Reduced grade
25. Since the Introduction of the CMM, how in your opinion has this affected the 
influence and power of the inspector/operator towards line management or 
production supervisors? (e. g. can he instruct production to stop? )
Greatly No 1 Greatly
Increased: Increased: Change: ! Reduced: Reduced:
Influence;
Power: i 1
-619-
-7 -
26, If the CMM operator has gained more or less power how has this affected his 
relationship with the line production supervisor?
Greatly
Improved; Improved;
No
Change: Deteriorated:
Relationship;
27. If CMM becomes an integrated part of in-line machining process and output data 
takes away human discretions, do you consider that the inspector should eventually 
become part of the production team?
Strongly
Disagree:
Mildly
Disagree:
Neither Agreement I Mild 
nor Disagreement: j Agreement:
Strong
Agreement:
1
28. If the CMM tends to require less skill to operate do you think the inspectors 
of tomorrow will become dissatisfied with their work or not?
Strongly
Disagree;
Mildly 1 Neither Agreement j Mild 
Disagree: 1 nor Disagreement: ! Agreement:
strong
Agreement;
1 !
29. What effect has the introduction of CMM technology had on your inspection staff 
both CMM operators and other inspectors?
CMM
operators:
Other
Inspectors:
Feeling of increased self status
Feeling of less self status
G reater interest in work
Less interest in work
No change
30. Some manufacturers of CMM claim that operators can be trained to operate a CMM 
in less than four hours. How long on average have your operators taken to 
competently operate your most advanced CMM?
hours days weeks months
-620-
Com m ent:
31. Did you involve your CMM operator in the Planning and Purchasing decisions 
for your first CMM?
Current
CMMS
Will consider 
next time:
No, not at all
Kept advised
P a rt of visit to other user
Attended all planning meetings
32. Have any of your CMM operators failed on the job? 
Is yes, why did they fail? ____________________
Y es: No:
and what happened to the CMM operator(s) who failed?
Returned to previous job
Went to other job
Other
33, Have you experienced any labour problems in term s of disputes since the 
introduction of CMM? For example, movement of work from one group to 
another, concern about reduction of inspectors, etc.
-621-
APPENDIX U
PRODUCTION TY PES FOUND IN STUDY OF FIRMS
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